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AUTHOR'S PREFACE. 



It iBBoin^ a third edition of '^IIouso Drainage and Water 
Ti'ico," tho author fet-ls a natural pride in a demand wUicU 
■antu the belief that Iijh work hoa been fonnd useful. It 
ujr also be awnniud that the call for a third edition Indicates 
rowing interest in the inechanice uf hygiene, and a dlspoei- 
1 on tho part of the public to stud; tho subjects treated in 
tLia vol a mo. 
Although the general subject of hygiene liaa a voluminoni 
1 Tatiiablo litcratnre, tlio important branches of house drain- 
e and water eervk-e Lad practically none when this work waB 
hren to the public. Their Incidental consideration in works 
to sanitary engineering and domestic hygiene was 
feljF haficd npon information drawn from Englleh sources, 
i dealt principally with English methods and materials. For 
I readers these chapters had but liitiitod practical in- 
I, as American pluiublng practice is hotter than that of > 
Kf foreign country, and most of the inquiry which has been 
■voted to this subject abroad nccms to have been prompted by 
^ceiro to meet or gnard against conditions dlflierent from 
I^ncoante^ed in most American liitu^es. The autijor was 
J ago impressed with the fact that these subjeota were of 
t importance to have a literature of their own, and one 
nich looked at tliem from an American standpoint. 

f time were offered for a general revision of the text of this 
nrk, it Is possible that some changes of more or less impor- 
B would be made in it, but they would be chiefly in the di- 
rtion of laying greater Etrcsa upon the fact that very much of 
e mischief charged to sewer gas is attributable to poisons gen- 

i from filth which never rcachea the ecwcr, but lodges / 
3 acenmulates in waste pipes. Sewer gas is a terra often 
led with unscientific Iooecuces, and when (o used it is nii»- 
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leading. The worst evils of so-called sewer gas poisoning are 
very often found where sewer gas proper does not, and, indeed, 
cannot, penetrate. In most houses the so-called sewer gas, 
which is both a nuisance and a danger, is chiefly manufactured 
on the premises, and does its fatal work none the less effec. 
tiVely because it is called by a wrong name. The worst defects 
j of the commonest plumbing done by contract are rarely noticed 
; in new houses. All the sewer connections are made that ever 
I will be, but we pass from room to room without noticing any 
unpleasant smell, or, if untrained to observe how the work is 
done and what materials have been used, without suspecting 
danger. When the pipes are fouled by the waste of the house 
the trouble begins, and it increases from month to month and 
year to year, as the foulness within the waste-pipe system ac- 
cumulates. To emphasize this fact would bo the principal ob- 
ject of such revision as the author would make if opportunity 
were offered. To keep sewer gas out of our houses is just as 
important as it is anywhere said to be in this work ; but it 
should be impressed quite as strongly upon the reader's mind 
that, with this accomplished, safety is not secured until the 
equally dangerous gaseous products of decomposition within 
pipes are prevented from mingling with the air we breathe in 
living and sleeping rooms. 

It is, perhaps, only just to the professional reader to say that 
this book is not offered as a contribution to the literature of 
sanitary engineering. It takes up drainage and water supply 
where the engineer leaves them — at the foundation wall of the 
dwelling. The information given is that which is supposed to 
have especial interest for the householder, for those connected 
with the house building trades, and for such as are interested 
in studying this department of the mechanics of hygiene. It 
is, therefore, somewhat more didactic than it would be if writ- 
ten for experts in hygienic science, and less encumbered with 
citations from, or references to, works not readily accessible to 
the general reader. 

83.Reade Street, New York, July, 1880. 



Btoierb ra rra Pkactical Relations to Heaxth. 

It is a gratifying indication of tlie progress of civilization a, 
t sanitary science, as it is called, is becoming, even to a Um- J^ 
i extent, a popular study. ** 

For many centuries physicians had a practical monopoly of 
^iiat little was known of the conditions affecting the public 
altli, and there seemed to be no incentive to original inveeti- 
tiyii and experiment, even if the means of prosecuting an 
iquiry eo important to all classes of the people had been at the 
Knaniaiid of those who, under more favorable circumstances, 
roold, doubtless, have made important contributions to the liter- 
Sare of hygiene. Fortunately, the science of medicine — if 
lat could be called a science which was then empirical, and 
J is to a great extent — gradually freed itself from the hideous 
Fiaperstttions which so long trammeled it, and physicians began 'J 
D open tlieir eyes to the real teachings of experience, and to ^ 
Mt disease rationally. This was a great step forward. The 
ixt step n'as to push the inquiry into the causes of disease, 
i the means by which those causes could be reached and 
ttlirpalcd— or, at least, so far controlled as to essentially mod- 
bjr their power for mischief. To the medical profession we * 
I the greater part of what has already been learned and ^ 
ba«ed upon record, of the truths which form the basis of san- 
try Bciouce ; hut thougli long left to pursue their studies 
Widout encouragement, and with little or no hope that even 
Ktiieir most startling discoveries would bo appreciated by the 
Hicnil public, they have at last drawn to their aasiatance in the 
work a largo and influential class. Those to whom the 
uitariau must look for the practical application of his carefully 
EeUburated theories of sanitary reform, are the very ones who 
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are now beginning tn appreciate most fully tlie importance of 
sanitary Bciciice. In all classes of society, except tliose whicU 
include the very degraded and ignorant, we find a growing 
interest in the means of gujirding a^nat all nnliealthful condi- 
tions in person, house and environments. With a larger wis- 
dom ajid clearer insight into the causes of ttiingg, wliich have 
come of progress in scJeiitilio thought, inteliigent people do not 
now attribute the consefincncca of their uvm ncgleot and « 
Icssness to the "afflictive dispensations of Providence," which 
are " mysterious and past finding out" We are beginning to 
andcrsljiud how large a proportion of tlie diseases which afflict 
humanity results from preventable causes, and that it is possible, 
by judicious measures of sanitary reform, to so reduce the death 
rate as to materially increase the average duration of human 
life. Nor is tiiis interest in sanitary reform bounded and liiit 
ited by a narrow sclfislmess. There is something broadly 
humanitarian in it. The rich and middle classes uo longer 
feel tliat they have no interest in the welfare and comfort of 
those who endure the misery and utter wretchedness of squalid 
poverty. Disease is no ixsjiecter of persons, and a "fever 
nest " in some remote and neglected qnai'ter of a populous 
may dispatch invisible messengers of death to poison the air of 
broad avenues and dcan-ewept streets miles distant. The" 
enlightened sclf-hiterest which is leading so many inlelligenf' 
men and women to study the laws of health is exactly the 
reverse of selfishness, since every movement for general sani- 
tary refonn begins with the improvement of the houses of the 
poor and ignorant, who can only be redeemed from untimely 
death, and saved from being the instruments of spreading the 
seeds of disease and contagion, when those who occupy the 
Bocial planes above t!iem stretch forth a helping hand to lift 
them ont of the mire into whicli they have fallen, 

Wlien we look about us and see how much remiiins to be done 
licfore the masses of tlie people shall be emancipated from the 
dire neceesi^ of living under conditions prejudicial to health 
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and, consequently, to liappinees, it would almost mem as if the 
task of tliti fumitariftn U a liu^telegs one. Such is not the case, 
however. We turn with a shudder of horror from the recordfl 
If! tiio jwHt to pontcniplate with satiofaction the progress wc have 
Kidjr made. People often wonder why we do not have such 
1 viEitotionfi of epidemic at the present day as tlie pla^o 
I LoDdon, tliu ancient spotted fevers, sweating siohne^ &p, 
f forget that wo are not yet fruc from the cholera. iIr- yi.!- 1 
r fever, typhoid fever, and other prcventubic disL'ascs, and 
t the next generation in&y see that our disregard of nature's 
B affected our dcatii rate as surely as the dirt and filtli of 
mdoii caused tiie greiit plagin.'. 
■Jt'rorn the full of tliu Roman Empire to the end of the Middle utt m En- 
, the people of Eui'ope were unwashed. Of Paris, it isw!iuuSi^ 
torded by Rignrd, physician to Philip Augustus, that one 
f when the king, walking to and fro in his audience cbam- 
^, went to look out upon the view for recreation, some ear- 
I l>ulongin{; to citizens happened to paiis in the street 
Mth tho wiridcuv, "when the substance forming the street, Th*itrMtio( 
KTig stirred up hy the revolution of tlie wheels, emitted a inn eeaMur. 

1 so powerful as to overjiower I'hilip. This so disgusted 
B Idug that ho urged the citizens to pave the streets, and, to I 
t in effecting tho puriflcation of the city, he built a wall 1 
mad tho ciillicdral to prevent it from remaining longer a 

I comer of coiivenionco." These measures occasioned ( ' 

t popular dissatisfaction, and wo really have no reason to 

ittder that plagues and pestilences were so common in a city 

, Huch Btrocts, and in which the angles of tho cathedral 

were used as privies. One writer, in speaking of tho 

ndidoa of London abont this time, says that in the streets 

md St. Paul's Cliurchyard the "horse manure was a yard LondoniDtiiB 

^p,** and alAo s[)eaks of the streets as never having been 

ked. Public muck heaps were found at every corner. 

B were of clay covered with mslies which grew in the 

I, wiiioh were so slightly removed now and then that the 
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lower part remained sometimes for twenty years together," and 
in it such a collection of foulness as we should expect to find 
only in a city scavenger's cart. The chronicle goes on to 
specify of what the filth consisted, but I omit the items for the 
sake of decency. The odors were horrible, and to disguise 
them perfumes were largely used and fragrant gums were 
tJwiaaiiiiiieM bumed to sweeten the air. Cleanliness of person was a thing 

of pcnon 

almost unknown. One old chronicler says of the ladies : " They 
wore clean garments on the outside, but the dirty ones were 
often worn until they fell away piecemeal from their unwashed 
bodies." The history of Chester shows the fearful effects 
resulting from the utter neglect of sanitary precautions which 
seemed to be characteristic of our English ancestors. I quote 

Mortmutyinas f ollows : "In 1507 sweating sickness was very severe in 
oenuuT. Chester for three days ; 91 died. In 1517, great plague ; grass 
a foot high in the streets. 1550, sweating sickness. 1603, great 
plague began in one Glover's house, in which 7 persons died ; 
60 died weekly, in all 650 persons, and 61 of other diseases. 
1604, plague ; very hot ; 812 deaths. 1605, plague still increas- 
ing; 1313 died of it, beside those of different diseases." In 
1649, 2099 persons died of the plague. And so the record 
goes. The people prayed for deliverance from sickness and 
death, but forgot their garbage heaps, their foul streets, dirty 
houses and personal uncleanliness. 

CMudferer. The gaol fever was another disease which was much dreaded 
by all clashes of the people, and its ravages show how utterly 
sanitary precautions were neglected in prisons. Unfortunates 
and criminals were confined in damp, cold, un ventilated cells, 
and kept in a state of inactivity, without a chance for fresh air 
or exercise. The stench from their own bodies and the absence 
of any means of purifying their persons, bedding and clothes 
during confinement, filled the air with exhalations so poisonous 
that sickness was inevitable. The prison house became a pro- 
lific source of contagion, and though the prisoner might escape 
death, he carried in his clothes, when liberated, the seeds of 
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8 nncl (louth to others. The Black Assizo at Oxford, iiToaBUDk 
ifi77, in a mciiioniblo event wliich servcB to ahow ub, hy con- ■"""■ 
t with criniiniil court terms of the present day, what pro- 
I ium be«ii inadu emce that time. Baker tells us, in liis 
wntcle] that all who were present in the court died of gaol 
Epver witliin forty-eight hours — judge, lawyers, constables, wit- 
i, prieonent and spectators — in all some three hundred por- 
In London the great plague would have been a matter Lundoa 
[ uituiul reeurrencc, and the liundred thoueand who died of 
I would liuve been only the advance guard of the amiy of vic- 
ma, had not tho great conflagration, which soon followed it, 
rifled the city with tiro. When it was n.'biiilt more attention 
I given to sanitary laws, which were jurt beginning to be 
judentood, and tho new city, being comparatively clean, 

raped iJic contagion which loaded tlie air of the old. 

[ 'When we have in mind such facta as those, gnthered at ran- 

1 from tho annals of past centuries, we realize that all classes 

floeioty share— though not in equal degree, perhaps — the Th» pm mii 

lelitfi of the steady upward progress toward higher standards 

r civilization and social refinement. In Europe and America 

t SCO the growth of societies of thoughtful, earnest men, 

izod to discuss questions affecting the public health, and 

t devise iiiuans of making untliinking and imthankful com- 

nities licalthier and happier. In many cities we see liberal 

priations of public money expended by boards and com-8™it«T<Mi 
nous composed of men eminent for scientific attainments and m atua. 
hblic spirit in sanitary work, while an army of self-saoriticing 
^^icUus labor in tho work of sanitary inspection with a zeal 
pd fidelity to duty altogether disproportionate to their scant re- 
MMtion — if tho value of such Bcr\'iccs can be measured in 
ley. We Boe tiic steady and sustained progress of iniprove- 
pent in the comfort, convenience and liealthfiilDCSS of the 
ines of the upper and middle classes, and we also see repre- 
mtativce of these classes devoting time and means to further pubuo uni- 
D great work of hetteripg the condition of those below them '■^'"»»' 
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■n tlie social scale. Sucli associations as the Artieana*, LabbN 
ers' and General Dwellings Company, of London, which has 
huilt the workingnien's city at Shaftesbury Park, and the Dwell- 
ings Ueforni Association, of New York, having for its object 
the pi-ovision of better, more commodious and more wholcsomo 
homes for tho neglected jioor now crowded into foul and dirty 
tenements, are the outgrowths of an enlightened and liberal 
public sentiment, and the operations undertaken and proposed 
by tliem would be Impossible of accomplish mcnt under any 
other conditions than those which exist in London and New 
York. It is BO in many things. Progress In civilization has 
given ns hospitals and dispensaries for the sick, built aeylnuiB 
for the insane, and provided clothing, food and shelter for the 
pauper, organized and carried out great schemes for the relief 
of suffering, and in innumerable ways extended its benefits to 
those who contribute least to It. Society recognizes its du^ 
and honestly, though not always wisely, seeks to perform it 
Public sanitary work is a part of this great scheme — one of the 
fruits of practical Christianity in highly civilized conimunltieB, 
and the sanitarian who seeks to extend the knowledge and pro- 
mote the intelligent study of Nature's laws, renders important 
service in the cause of hmnan progress. 

Dnt while sanitary science is beginning to attract some share 
of public attention, the reforms and improvements which it 
seeks to effect In the conditions of our everyday life are not 
inponmnm easily accomplished. Much has already been done in this coun- 
t- try, and more in England, in devising and carrying ont systaiu 
a. of sanitary reform, but the truths upon which sanitary science 
is founded must be deeply Impressed upon tlie public mind 
before we can look for great and Important results. This pop- 
ular education can only be acconiplislied gradually hy the 
patient and intelligent teachings of unselfish specialists through 
the medium of tho newspapers, In books, in pamphlets uid 
tracts, presenting elementary truths in such shape as to com- 
mand attention for them, and through the work of such socio' 
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' the Amifrican Piililic Health Assoeintion, the Public 

salth AsMtciiition uf New York, and similar organizations. 

of cither fame or profit can l>e expected to result 

1 thiH preliminary work in llie lielil of sanitary n-fonn, but 

I who engage in it with honest and unsoliish purpose <lo 

I the rnlo, deaire other reward than the knowlodgo that 

iDy are doing somothing for tlio good of hnmanity. 

1 far as regards the movement looking to tlie reform of the 
'Hi to which the reader « attention is directed in the euoeeeil- 
f chapters, its snrcess depends very ranch upon our anihiteets. 
1 they call for g*iod plnmliing work in their specificationB, 
lowing what they want and refusing to accept anything cUe, 
/ will have no difBcalty in getting it. When capitalists are 
5 to pay the price of good work, tlie architects will Icara 
lat good work is and how to call for it. In roost other 
f onr architecture is very well ada])ted to onr climate, 
ial life and onr present needs. As a people, we live in ^^ 
a comfortable honsce than are fonnd in any other country 
3 world. None appreciate this so fully as those who have 
nvoled obaervingly in foreign countries and studied the homo 
of other peoples. Onr dwellings of the better claja are fin- 
Shed and fitted up with a completeness ajid a regard to comfort 
I ooarctiicnee which astonishes foreign architects. In the 
indry items classided under the general name of " modem ^'^ 
rnvenienocs," our architectural practice has fairly kept pace 
1 the development of the various industries connected with 
e bnilding trades ; and even in tlie dwellings of the middle 
B find evidonoe of an intelligent regard for the comfort 
B occupants not scon in dwelling of the same class in any 
t of Eorope. 

'here is a reason for this. During the brief period of our 
lional life the hnilding trades liavc necessarily been among 
B woet important of onr great national industries. To pro- 
B homes for our rapidly-growing population, we have been 
mpollcd to build more houses than have probably been built 
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in all Europe during the same time. Wo are, moreover, i 
home-loving and an inventive people, and have given a { 
erous cncoorageinent to well-directed efforts to improve ( 
Iionsc fixtures. A glance over the annual reports of the Patonn 
Office at Washington will ehow that a very large percentage ofl 

'" the- inventions patented are labor-eaving nppliaJiccB, designed i 
tind a plaec in the domestic economy. Generally opeaking, wsj 
have, as a people, very sensible ideas of comfort, and are not 

I much hampered by either cnatom or precedent in these mattere.1 
"We do not, like the conservative Englishman, retain the openi 
fireplace because of its traditions and from a mistaken notioal 
that comfort and health arc incompatible in house-wanning^ 
Wc discarded the open fire a generation ago, and adopted thai 

li more economical and efficient iron stove; now the stove ial 
giving place to the liot-air furnace, and this, in turn, will bal 

I pnsltcd aside by the steam heater in first-class work. This rest^fl 
less desire for improvement has kept the inventive talent of tbol 
nation directed to the changing requirements of the buildtn|g 
trades, and has enabled us to attain, even in cheap construction,! 
a degree of comfort which in other countries would be deemed I 
extravagant luxury. On this score, at least, we liave no jnst-j 
quarrel with the architects. 

But while convenience and comfort are certainly deeirable itll 
an eminent degree, they are not tiio only (jualities to ho Bought'l 
in house building. These we demand, and properly ; hut oati 

'° of the limitations which those who build houses and those who I 

»■ buy them have fixed to the intimacy of the relatione of sciencel 
and art to architectural practice, have grown other and very I 
Berious evils. We may divide these evils into two genoralj 
classes — those which are just beginning to attract the attention] 
of the hygienic physicist, and those which have long receiver 
the thoughtful consideration of the economist. 

In the first of these general classiiications wo may include t 
eriU inevitably attendant upon a disregard of hygienic lawa i 
house building ; in the second are included subjects whidi^ 
cannot properly claim coneideration in these pages. 
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lit is a fiict which unfortnnalely does not admit of intelligent 
ntradiction, that in the arehitectiii-al practice of the time very 

B attention is paid to the last's of health. What is known as imhHitii; 
nitani- science is still to some extent einpirit'ul ; hut from '"'™* 
Ktifsnce we have learned sometliing ot Narnre's laws and 
;tirc'B penalties, and we certainly have a right to expect that 
r architects shall not, by disregarding the fonner, force us to 
Ictir the latter. Ijct iis begin with our heating appanitUB, ( 
Kstly noticed as contrasting so favorably, on tlie score of com- ( 
, with the primitive Jirephce of Great Britain and the / 
uy, inefficient appliances employed on tlie Continent. / 
wing to the length and severity of our winter Bcasons, the fur- 

i i* one uf tlie most important of the permanent iixtnrcs of Hot«ir 
fri^l^p pointed lionee. Xow, it is by no means probable that 
B Bystfitn of heating by tlie distribution of air currents moder- 
ely warmed by contact with tlie radiating enrfacos of a 

[, is objectionable on hygienic grounds. It is the abuses i 
t the »y«teni wliich give rise to tlio evils commonly charged | 
t the Kvsl^m itself, and in these abuses we tind a marked J 
forence Ijctwceu ecieniitio theory and every-day practice in 
ibit«cturc. It is pmhable that every well-informed architect 
E familiar with the fact that there is a vast difference, aa 
mrda its health fulness, between a system of heating in which 
arge volume of moderately-heated air is employed and one 
I which dependence is placed upon a small volume of air 
1 to a high temperature. Tbe very common abuse of the ,■ 
tem consists, principally, in the nso of furnaces too small for 
t they have to do. As the consequence, we must drive 
1 in cold weather to such an extent that the air passing 
nngli thera is vitiated and rendered unfit for broathing.y 
t cannot expect the average liouseholder to nuderstand these 
leraL, and we must look to the arphitcct to lead the progre^ 
f reform which slinll give us wholesome heating without sacri- 

D of comfort. 
I Intimately connected with the problem of healthful wanning, 
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is that of ventilation. Here the difference between theory and 
practice in house building — between what we know should be 
ventnation done and what we do or attempt to do — is certainly very 
marked. The subject of ventilation has a voluminous literature 
of its own, with which the well-read architect cannot but be 
more or less familiar. Probably he appreciates more fully than 
any one but the specialist in practical hygiene, the importance 
of good ventilation in dwellings ; but in not one in a hundred 
of the dwellings he builds is any provision whatever made for 
ventilation. What is simple and comparatively easy of accom- 
plishment at the hands of an intelligent architect when ho 
plans a building, becomes difficult and often practically impos- 
sible of accomplishment after the house is finished, without 
costly and troublesome reconstruction. That the average 
architect is practically ignorant of the mechanical means by 
which adequate ventilation can be secured in cold climates 
without unnecessary waste of fuel, is no more to be wondered 
at than that he so often fails in his essays in the domain of high 
art. With us it is not yet a part of the business of house 
making, and we do not give him an opportunity to learn from 
practical trial the fact that, to secure good ventilation, it is only 
necessary to remove impure air, and that, with the whole 
volume of the atmosphere exerting on all sides a pressure equal 
Arufloiai to about 14 pouflds to the square inch, it is as idle to pump 
fresh air. fresh air into a building as it is to pump water down hilly 
Hence, when we call upon the architect of average skill to exer- 
cise the functions of an engineer of ventilation, he is more 
likely to fail than to succeed. We see this illustrated in the bad 
ventilation of our churches and public halls — if that may be 
called ventilation which does not ventilate — and if we pursue 
the experiment long enough, and without regard to expense, we 
are likely to reach results almost as unsatisfactory as those 
secured in the effort to ventilate the House of Representatives 
»»<» «^- at Washington. We blame the architect for the impure air of 
our dwellings and places of assembly, but when he undertakes 
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bgivo us good Tentilation and fails, all ho is roally to blame 
er-confidenoe in essaying a task for which lie has 
Billicr the education nor the exjwrionce/ In each a climate oa : 
a. New York, we cannot liavo both economical heating i 
(nd good ventilation nnlesa wo build onr walls and floors with / 
V3li>n-<>»nducting tilling. As we do bnild, however, wo are con- 

Kiteit to do without the ventilation ; and, to ecciire both comfort '"i 
^- «conoiBj 

ind fnel econotny, even the scanty supply of fresh air which 
E^hnnes in around onr doors and window sashes we cut ofF In the 
irly autumn with lint and weather-etrips. We are not only 
tntent to do wltliout ventilation, but we positively do not 
jlt it in any form in which it has yet been given to us. /' 
lotno years ago a wealthy and philanthropie land owner in one 
lour principal cities, conccivt-d tho idea of erecting a number 
( healthy honses which should bo Imilt on scientific principles. 
PTentilatioQ wan especially sought, and the best talent at eoni- 

lod was engaged to provide the necessary appliances ; but PoimitrtDdif' 
I tlie honses wore finished the owner found himself unable tcntiiaiinn. 
9 retain his tenants except upon the condition that he would 
il all his ventilators. Probably the tenants were not so blind 

their tiwn interests as might appear at first glance. No doubt 

1 was impo.ssible to keep these houses warm enough for eom- 
•y owing to the loss of heat by atjsorption into the walls and 

B escape through tlie ventilators. In ventilation, comfort and f 
altJi are almost synonymous, and when we can have tho bene- ( 
a of pnre air without a niinous consumption of fuel or tho / 
Mnifort of low temperatures, wc shall no longer object t» it ; ) 
idcvd, wo shall demand it. 

[ That the educated architect shonid thoroughly understand the 
rinciplcK and the methods of ventilation, I'e too obvious to need 
Sic Bnpp<)rt of argument. It is not, however, an art which can 
1 acquired ciisily or from mere generalizations. Nor will it 
telp him much to master the details of a "system." however 

1 that system may lie, for the reason that/ho system can be , 
levised which will admit of successful application under ' / 
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various conditions. A system which would work well in one 
Mistakes of Iiqusc might fail in part in another house, and fail utterly in a 
public hall ; while a system applicable to a church or a lecture 
room would probably be little better than no system at all in a 
theater or hospital. There are, however, certain principles 
which apply to the ventilation of all classes of buildings which 
are so simple and, when learned, so obvious, that the architect 
rarely attempts to apply them until he has tried all other plans 
unsuccessfully. It is a curious fact that those who give atten- 
tion to ventilation rarely avail themselves of the experiences of 
their predecessors. Beginning where they began, they go 
through pretty much the same course of trials and failures, and 
it is generally an easy matter to tell how much experience a 
man has had by ascertaining what "system" he tried last. 
When the importance of good ventilation is better understood 
by the public, and the architect is required to provide it in our 
dwellings, he will probably find it to his interest to call to his 
aid the specialist who has made ventilation his study, and who 
has learned from experience how to meet all Ihe conditions 
which complicate the problem so serioUvsly. 

In the defects found in the average plumbing work of the 
time, we see another instance of the wide difference which 
Plumbing exists betwccn the measure of our scientific knowledge and the 
methods of our architectural practice. No fact rests upon a 
broader and more substantial basis of truth than that the 
gaseous emanations from decomposing sewage, commonly called 
sewer gas, are a fruitful source of disea.se. Whatever the 
agency by which sewer gas works, we know that it comes 
armed with the power and potency of death. Ef>caping into 
the free atmosphere, its deadly power is quickly destroyed by 
Sewer wwin the oxidatiou of its organic poisons ; but when it mingles with 
the confined air of our unventilated living and sleeping rooms, 
it retains its terrible power for mischief long enouf^h to do its 
deadly work effectually. Dr. Mapotlier, of Dublin, an eminent 
authority, states that there occur annually in England 14:0,000 
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cases of typhoid fever, of which 20,000 tcnninate fatally, 
which arc clearly tmceable to defective drainat'o and sewer-ii^as Typhow 
]>oisoning, and yet typhoid fever is only one of a long li«t of land ana scot 
prevalent zymotic diseases. England and Scotland together 
gave in the five years ended January 1, 1870, deaths from 
zymotic diseases amounting to 21 '9 of the total mortality, as 
shown in returns made by order of Parliament in 1871. The 
variation of the zymotic ratio in the sum of causes of mortality Mortality 
ranges from 10 to 37 per cent, of the total deaths. From such djIJ^Lcii, 
imperfect etatistic^ as have been gathered in this country, it is 
safe to conclude that zymotic diseases cause, directly or indi- 
rectly, al)Out (me-half the deaths occurring in our great cities. 
In the vital statistics of New York for the ptist 11 years, in New York, 
zymotic diseases, as now classified, are charged with about 32 
per cent, of the deaths from all causer.. The figures are as fol- 
lows : 

Doaths from Percentage of 

New York City. zymotic (liseases. total mortality. 

IbtU; 8,788 32-77 

1807 (5,583 2841 

1868 7,456 29-06 

1869. 7,676 30-50 

1870 8,314 30-60 

1871 8,964 31-01 

1872 11,815 36-19 

1873 9,505 32-98 

1874 9,715 33-82 

1875 10,964 35-52 

1876 8,538 29-25 

In some of our principal cities the percentage is higher than 
in New York. In others it is nnich lower, as will Ixi seen other Amer 
from the following comj)arison of the avenige ratio of deaths *^~* ^^ **^ 
from zymotic causes to the total annual mortality : 

Pittsburgh 35 per cent. 

Chiciigo 34 " 

2 
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Brooklyn 33 per cent. 

Boston *. 33 " 

Cincinnati 33 " 

Milwaukee 31 " 

Baltimore 28 " 

"Washington 25 *' 

San Francisco 22 " 

Philadelphia 20 " 

If it be assumed that the relation of deaths to the number of 
cases of sickness induced by zymotic causes is about the same 
Fiiib poi- here as in the case of typhoid fever in England, the effect of 
filth poisoning upon the public health will with diflSculty be 
realized. If we look for the cause of this large mortality from 
diseases of the zymotic type in our cities, we find it principally 
in sewer-gas poisoning. Other causes operate to swell the total, 
but to bad plumbing work we may attribute the prevalence of 
pythogcnic pneumonia, peritonitis, inflammatory rheumatism,, 
typhoid and malarial fevers, croup, diphtheria and many kin- 
dred diseases which are almost epidemic in our large cities. 
^iSf *n Unfortunately for the progress of hygienic reform, the differ- 
good and bad gncc betwccn good and bad plumbing work is usually so slight 
as to escape the notice of any but the trained expert ; but it is 
commonly great enough to exert an active and far-reaching 
power for mischief. We expect to find in the houses among 
which we seek homes for our families all the conveniences 
which are rendered possible by the vast systems of hydraulic 
engineering which find their consummation in the water service 
and drainage of a city house. The bath, the water-closet, 
stationary wash basins with hot and cold water, laundry tubs, 
the butler's pantry and the kitchen water system, are no longer 
r*«t««i to regarded as luxuries but as necessities in all well-appointed 

houses. ® , '' 

modem houses. There is no good reason why we should not 
have all these conveniences, but we often pay a fearful price 
for them. Let us follow the intelligent sanitary inspector in an 
examination of the pipe systems of an average New York house 
of the better class. 
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ariitning with the water service, we tiiid tliat the pipes are sornce pipes, 

, not withstanding tlie fact that the architect lias ready to 

h'lA hand several kinda of pipe quite us convenient as lead and 

iiHidi safer than those made of a metal which, under a great 

( variuly of conditions, parts with jKiisouons salte to the water 

pacing through it. All conscientions architects familiar with 

the literature of cliemistry will admit tha/lead should be dis- 

■;mled as an unsafe metal for eervice pi]K)a, and tin or black 

">n used instead ; hut lead ia still called for in ninety-nine out 

f every hundred speciticatione,/ In the drainage system and DraimgB. 

T- appurtenances we (ind evils of a different and more serious 

li.vractcr. We Bee dependence for tlie suppression of gases, 

^^4loik held aiider considerable pressures in the sewers, placed 

^^■nt snpjwsi tit ions Imlf-inch water seals in traps of such shape xnp* 

^^b to placed that they are likely to be emptied, from one 

^^H||e vr another, every hour in the day, and to stand empty at 

^^^■ht. We find that the foul sewer is provided with breathing 

^^^pM into our hunsos; that in dark, nnventilatcd recedes 

ailjoininj; our bedrooms are cheap and flimsy water-clnsets, w«t*r- 

■irong in principle and wholly unsatisfactory in operation, 

[lioh retain so much of the lilth passing into tliera that they 

Q pestilent nuisances. In short, we find every condition 

^vorablo to scwer-gas poisoning that we no longer wonder 

die great mortality from diseases of pythogenic origin in our 

rerdruineit cities. As the plumbing work of our houses ia 

monly done, ii would he lietter for most of us if we had to 

; oar water in buckets from a public hydrant, and carry 

^ waste to the culvert at the nearest street comer. 

lere shall we place the responsibility for this most terrible The mixnci 
^le evils which charat^terize the architectural pnictice of the piombing. 
ol We know from experience tliat very few of our archi- 
B Ii»vo given the probJoms of hygienic house drainage the 
nful attention they deser\'e, hut it is not becanse tbcy do not 
low the conBcqncnces of cheap and defective plumbing work 
UioaBOe, nor because they consider these defects irremediable. 
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The evils to which we have called attention exist and multiply, 
simply because the architect in general practice cannot insist 
npon a due observance of hygienic laws in house construction 
and compete successfully with those in the profession who are 

The architect, less conscicntious in these matters. If his clients neither know 
nor care whether a house is well or badly drained, why should 
he drive away business by demanding that we shall pay for good 
plumbing work, when others will furnish us equally acceptable 
■ plans and specifications which can be followed in construction 
more cheaply? Consequently, the architect rarely troubles 
himself to learn the theory of plumbing, save in the most super- 
ficial way. His specifications of pipes and fixtures are usually 
so loosely drawn as to be susceptible of the most liberal inter- 
pretation by those who bid upon them. As the lowest bidder 
commonly secures the contract, we may be sure that every 
advantage will be taken of the incompleteness and ambiguity of 
speciflca. the specifications, which are rarely specific except as to the 
number and kind of fixtures to be supplied and the weight of 
lead pipe to be used. The shrewd, practical plumber knows 
just how much regard it is necessary to pay to the stereotyped 
phrases which provide that his task shall be performed " in 
a workmanlike manner, and to the satisfaction of the architect 
and owner." The architect gives the work only a cursory 
supervision at most, and the o\vner is commonly satisfied if 
the fixtures are all in the right places and look as he expected. 
The owner. A stain in a marble slab or a thin spot in the silver-plating of a 
basin cock is far more likely to give dissatisfaction than a soil 
pipe of paper thickness, put together with mason's cement or 
* glazier's putty, instead of substantial pipe weighing (if of 4 
inches diameter) not less than 12 pounds to the foot, and put 
' together with well-calked lead joints. 

The specialist in the field of practical hygiene naturally 
blames the architect for the existence of evils so prejudicial to 

A divided re- the public health : but there is a divided responsibility. The 

sponsiblllty ^ • r 

architect shifts his share upon the builder, the builder upon the 
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Miuotiious owner nnwiUing to pay the price of good work, 

i theuwiiur upon the "ruacully piunibcr" who "ecamped tlio 

Bat it doDs uot rest here. The pUuiiUir rcplim that he 

i for a prntit, and moiius to miikc it M'heii he can. If the xi 

icr expected to got a thuumind dollars' worth of materials 

1 time f'lr live linndrcd dollars, be is the only party to the 

msoction who ia deceived, and that becauBe he deceived liim- 

There ie luimetliingof trntb in each of these specious diK- 

latmcrs. but perhaps the architect has a Iiir.a:er eliaro o£ the 

\ rc^ponmbiUty than be is willing to admit. If be would 

i discreditable work go to tboKC inure anxiunB for present gain 

, for an honorable professional reputation, we should be 

r ablo than wo now are to dniw the line between the two 

H composing the profeseion. 

■, perhaps, too much to expect tbit tliere will ever be in 

r »vorage architectural practice a close approximation to the 

! of our Hcientitic knowledge. If it followb, even a long 

J behind, the footprints of invention and discovery, it will 

B rapidly progrt'ssivo as wo vmu hope to see it. Generally c„ 

Iking, wii giilii knowledge a good deal faster than we can J" 

y apply it, and our progress toward higlier standards 

I urehitcctaro will and should bo cliaracterised by a judicious 

BIMorratism. The material interests involved are hirge, and 

at bo carefully guarded by the conscientious architect. Wo 

mot, therefore, expect that he will make haste to utilize 

Y now fact which may bo added from day to day to the 

I of thv world's knowledge, but we have a right to tniiist 

i llo ehiill not carry his conservatism too far, and cling to 

tonu and methodH entailing evils from which we naturally 

nd properly look to him for protection. In these matters there i 

ptonld be a inndi closer relation than now exists between ' 

f and practice in architecture, an<I if the conHcientioHs 

liitect will first educate himself in those branches of his art 

b wliich tile disparity Is greatest, he will find it an easy tusk to 

iritig about the desired reforms. In tbu£ educating the public, 
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by placing before them the results of his own education, he 
will open for himself a broader and nobler field of usefulness, 
in wliich he will be less hampered by the limitations and 
restrictions of which he now complains. 
Good plumb. As for the plumbcr, I can say with confidence that so far as 

lug obtain*- . 

bie when ncw work is conccmed, he will give us what our architects call 
for, and when he has only good work to do in new buildings, 
he will soon learn what good work is and how to avoid mistakes 
in jobbing. 



cnAPTER n. 

Sewer Gas. 

Pnpnlar indifference to the evils resulting from defective 

ralnage is, doubtless, attribiitadle wliolly to popular ignorance, 

i majority even of intelligent pt-ople regard the subject as one 

■ which they have no per6onal interest, and for tliis reason it 

I difficult to instruct them through the medium of the public 

Those who have been engaged in the work of sanitary 

>«ctiou have almost invariably experienced great ditficulty 

I securing reforms, even of the most dangerous evils ; and, 

8 supported by legal authority, their suggestions and direc- 

8 are nearly always disregarded. The popular belief seems 

l> be that there ia a great deal more talk about sewer gas among 

B who lay claim to scientific knowledge, than its practical 

lortance njally warrants. I scai-cely need assure the reader 

lat thiB is a serious mistake, which cannot fail to imperil the 

■bHc health by giving rise to a false sense of security and 

onraging the toleration of dangerous nuisances. In many 

Kds the ancietita were wiser in sanitary matters than the 

tderns. No nation ever had a code of laws embodjnng so 

■noh of sonnd, practical wisdom — so far as regards hygiene, at 

6 the Jews imder Moses and his immediate successors, 

1 the more we learn of Nature's laws, the better we under- 

tod and appreciate the importance of the regulations estab- 

1 for the government of the tribes of Israel in their long 

meying after the exodus from Egypt. 

iTVlieu architecture reached its highest asstlietic development, 

i drainage systems were adopted, the importance of guarding 

tst the danger of sewer-gas poisoning seems to have been 

il understood, for the ruins of ancient Rome show that all 

t were well ventilated, to the end tliat the pure atmos- 
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plieric air might oxidize and destroy the poisons arising in the 
gases given off by decomposing sewage. Tlie knowledge whicli 
prompted these precautions has never been lost to the world, 
but for some reason which it would be difficult to explain, mod- 
ern engineers and architects have too generally neglected the 
Modern simple precautions so necessary to the protection of the public 
generally health, and, as the rule, modem sewers are but indifferently 
^^ ventilated, if at all. As a consequence, the gases generated in 

our sewers are rarely rendered innoxious by dilution with 
enough pure air to destroy the orgfanic genns wliich go with 
them, and when they find their way into a house they are 
pretty sure to cause serious mischief. 

What is sewer gas ? Tlie most careful analyses show that it 
cfhemicaiis coiuposcd chiefly of carbonic acid, nitrogen, sulphureted 

composition i<i .1 jj]i*i^*i • 

of sewer gab hydrogcu, aiiimomacal compounds and foetid organic vapor. 
The elementary gases and those of known composition, which 
are commonly found in sewers and unventilated cesspools, 
though mostly capable of destroying life under favorable con- 
ditions, are not, I think, responsible for much, if any, of the 
fatal effects properly attributable to sewer gas. Probably it is 
those constituents which analysis cannot find, and of which we 
know practically nothing, which impart to sewer gas its fatal 
capacity for bearing sickness and death to thousands of uncon- 
scious victims annually. This is an opinion, simply ; let us see 
whether it will bear the test of examination. 
Carbonic Carbouic acid is the gas usually found present in greatest 
volume in sewers, both ventilated and unventilated. The pro- 
portion, as determined by analysis, varies according to circum- 
stances, but it is usually large. This gas is an invariable product 
of the decomposition of all substances containing carbon. Its 
properties are so well known that I need give but little space 
to its description. Inhaled in concentrated form, it quickly 
produces death, and even when considerably diluted with 
atmospheric air, it produces asphyxia, and, unless the victim is 
quickly rescued from its influence, death follows promptly. 
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I gas u Uie fatal "clioke damp" of Uie cwal mines, and 
ptlis cauwd by it, iu one way or aiiotbur, are mutters of ulmust 
uy Qcciirri.'ticti. It iloes not roadily k-avv mowers utid veHa- 
pU, hovrnvur, owing to tho fact tliut its i^pfcitic (i^ruvity i« 
uiilerably gruatL-r tliitii tbut uf air, and so mucli of it as would 
»lly fiiifl iw wuy inlo a boiiAC from a sewer, unless dmwn 
i by a atrnng purrent of air, would not, probably, do nuicli 
At all ttventM, carbonic acid is iiicnpablu uf {giving 
e tt> Iho ordinary pliunuinuna of Bowcr-gns ])oisoiiin)r. 
I Tbu proAcncu of an cxccbs of nitrogen in sewers is readily mtrogoiL 

mntcd for by tlio fixit that tlie union of atmo^plieric oxygen 
Bill the cnrbifii of orgimic matter, forming carbonic acid, leaves 
f^ree. It i» incapable of mipporting animal life, but ia not 

1 to pOBHeAa any poisonous properticH. 
E Snlphnrotod hydrogen, also a product of decompo&ition, Is 

lonbtcdly u very poisonous giia. Various exptiritiicnts made Buipbunied 
1 H Itaro shown itnnii^tiikably its ]>ower to dentroy uniinul 
One part in 250 of atmo8i)lierie air will kill a lioreu, iind 
e may be dontjoyed by tlie absorption of tbis gas into iJie sys- 
1 through Uie ftkin pores, even though the lungs he abun- 
mlly TOpplied with pnre air. But experience has also shown 
bll even this deadly gas cannot bo held accountable for eewer- 
I poisoning. In laburiitory work it is often neeossary to make 
ppliuretud hydrogen in large volume, and when the nianage- 
ut of the apparatui« is entrusted to students or beginners, tho 
^tiecomes so strongly iuipregtinted with its disgusting o<ior 
tons unaccmtonied to tho smell could not breathe it with- 
it acrioos discomfort. Indeed, a laboratory would not smell 
atral without it ; and yet chemist^ who breathe this and 
my other etjually dangerous compound gasos almost con- cht-nu-. tu 
iuHy while at work, have not boon found lo suffer any more 'J^t'iJidi 
bill typhoid und gastric fevers, cholera, diarrhcea, general STt^J^ 
AiUity and other discaoes known to be propagated by sewer 
1, titan thoftc who never enter a laboratory, I have known 
9 in which students of analytical chemiAtry have been 
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made Bick by inhaling Bulphureted hydrogen, but not seriouBly, 
nor was their sickness of a kind similar to that produced by 
sewer-gas poisoning ; and yet a house in which the smell of this 
gas was as strong as it usually is in many laboratories at any 
hour of day or night, would be considered untenable. 

Nor can we charge the fatality of sewer gas upon the ammo- 
Ammonuusai niacal compounds which result from the evaporation, as well 

oompoundik , » 

as the decomposition, of sewage. We must, then, seek for this 
most subtle and dangerous foe to health of all the gaseous ema- 
nations from the sewers, in what is called organic vapor. 
This is an indefinite name for something of which we yet know 
Organic but little. Eliminate from sewer gas the organic germs which 
^^^^' float in it, insensible to sight, touch and smell, and I doubt not 
it would be drawing the serpent's fangs. This vapor, so called, 
is doubly dangerous from the fact that we cannot tell exactly 
what it is. We can tell the exact amount of organic matter 
present in a gallon of sewage, but living organisms in sewer gas 
elude our senses and defy all but the most subtle and searching 
methods of analysis. 

This brings us to a consideration of what is generally known 
The germ the- as the geiTu thcory of disease, which in this connection will be 
found to possess both interest and importance. For a full and 
complete discussion of this theory, the reader is referred to the 
very able treatise on " The Germ Theory of Disease and its 
Relations to Hygiene," read by Prof. F. A. P. Barnard before 
the American Public Health Association, and published in the 
report of that association for 1873. 

For more than two centuries men of science have been 
steadily drawing nearer to the complete acceptance of the germ 
theory of disease. Many other theories have been advanced 
and discussed in the mean time, and some of them have been 
regarded as satisfactorily accounting for the origin and propa- 
gation of disease, but none have stood the test of the rigid scru- 
tiny to which the close reasoners of the scientific world subject 
all theories and hypotheses. Some of them contained a measure 
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t wbat we now regard as truth ; othera were extravagant 
It^^olngs, having no suhHtatitial foundation. At laitt tlio coii-li 
Wuny narrowed down to a close and scientific comparison a 
|tl)u evidifncu in support of the chemical tlieory, of which 
xm von Liebig was the most intelligent exponent, and the 
tlieory, originallv advanced by Fnt]ior Kirclier, in liis 
i Ph;/»ii^o-Medlomn oontagiosm luia qwe pestig dioi- 
B>, and reduced to a scientitic basis by Pasteur, the eminent 
Btomporary and, on many jwints, the able opponent of Liebig ; 
1 the latter theory lias gradually met with general acceptance. 
s obviously impossible, as well as unnecessary, to follow tfiis 
ptrovorsy and weigh all the evidence brouglit forward to snp- 
i the rival tlieories, and I will merely uutlino what I nnder- 
! to be the germ theory as now generally accepted. It oi 
EDOS that disease is propagated by the invasion of the'* 
1 eystein of algoid or fungoid forms, of microscopic pro- 
tioni* but possessing the power of rapid multiplication. The 
breft which proceed from these fungi, or the cells of the 

), are carried by the air currents as the invisible pollen of h. 
Hien IB carried, and, penetrating the human system, generate " 

Tlie fact that all forms of cryptogamio vegetation 

b propagated in this manner, may be regarded as, prima facie^ 

Qnible t<j the germ theory. Further evidence of the same 

ie found in the results of Dr. Tyndall's experiments in 

ismitting the beams of the electric light through air and 

mo, by which he has shown that the former is charged witli 

jiie jiarticles. Evidence of this sort is abundant and, as the 

I, ftttiEifactory, if not concJuaivc. Of proof we have not as 

! enough to establi^i the germ theory as a demonstrated 

Ji, but there are many facts which, it seems to me. can only 

I explained reasonably and rationally on this hypothesis. Cer- 

a diseiiBes are known to be propagated by organic germs ; in 

r cases it is probable, but not certain ; in still othera it is 

ain, if not doubtful; but we may, I think, accept with 

jbfidence the fact that a great many, if not all, diseases are 
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communicated by living organisms which, in systems predis- 
posed to disease or in a condition favorable to the development 
of disease, rapidly multiply, and, whether directly causing dis- 
ease or not, are the media of its transmission and the vehicles 
of infection. 
Probably the strongest of the many arguments in favor of the 
Inorganic poi- germ tlicory of disease is found in the fact that, in the whole 
bieof produc- range of inorganic substances, chemical analysis has discovered 
diBoases. nothing capable of producing results in the human system in 
any degree comparable with those produced by the agencies 
which convey infection and produce disease. The action of the 
Their acuon. inorganic poisons is generally well known and definite. They 
destroy life or produce certain characteristic symptoms of 
derangement in the human system, but they are incapable of 
producing any of the diseases known to result from impurities 
imparted to air and water by the decay of organic matter. It 
may be claimed that the negative results of chemical investiga- 
proof and tiou provc nothing, but the most determined opponent of the 
* germ theory of disease has never been able to produce, discover 
or describe any inorganic substance, elementary or compound, 
which could produce any one of the diseases attributed, and 
even directly traceable, to organic poisons. 

Since writing the above my attention has been called to a 
me gases of paper on " The Gases of Decay in some of their Sanitary Rela- 
**®*^* tions," read before the American Public Health Association, in 
October, 1876, by Prof. William H. Brewer, of the Sheffield 
Scientific School, New Haven, Conn. This paper is so clear 
and concise in presentation of the subject discussed in this 
chapter, that I am glad to be able to quote it in support of the 
views I have expressed. After discussing the composition of 
sewor gas, as determined by analysis, and showing that none 
of the gases yet described are capable of producing the phe- 
nomena of sewer-gas poisoning, Prof. Brewer says : 
Chemical " ^^ ^'^^ plivsiological cflPccts wiiicli follow the breathing of 
action of QQ^YQY gas, SO Called, are produced by actual gases acting chemi- 
cally, then these gases arc as yet absolutely unknown to chem- 
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istft, and if they exist at all, they are in too small quantities to 
\h} estiHiatcd by any known process of ^j^ analysis. This, liow- 
ever, is no proof that they do not exist. The sense of smell 
tells us that there are or*>:imic gases and compounds never yet 
isolated, and of whose comj)osition and properties other than 
their smell we are entirely ignorant. Indeed we are ignorant 
oi the composition of mor.t of the Kindle of putrescent matter, smeiia. 
In the investigation of the gases from rotting iish, of which 1 
have spoken, the giwes were very stinking, intensely so, yet the 
actual amount of the gas which had the odor was too small to 
l>e detected by the ordhiary means of gas analysis, and these 
analvses were conducted under the eve, and some of them with 
the aid of Prof, von Bunsen, then, as now, the most eminent 
gas analyst in the world. The analyses of sewer gases point in Anaiyiinof 
the same direction. For example, the results of some ex])eri- 
ments on the air of sewers and drains are given in the Report 
of the British Association Sewage ( ■ommittee, 1801)-7<). Speci- 
mens were collected from various street and house sewers, 
chielly in the Paddington district, and during August, so that 
there is every probability of the air being as foul as possible. 
They were chemically examined by Dr. W. J. Russell. The 
most impure air contained half a per cent, of carbonic acid ; the 
remainder was oxygen and nitrogen, so far as discovered by anal- 
ysis. Another ' with a f(ml smell ' contained onlv one-eiixhth of 
one per cent, of carbonic acid. There were 'no combustible 
gases.' In their investigations they found only small traces of 
ammonia, and often no sulphureted hydrogen. It is needless to 
multiply cases. It is not, of course, denied that sewer gjises have 
been found so concentrated and foul as to produce sulTf)cation, suffocmtion 
hut very bad effects are well known to often follow the admission 
of such minute quantities into our houses that they can barely 
be i>erceived, nmch less suffocate. That it lowers the tone of 
health and sometimes i)roduces active disetuse in those who aro 
subjected to it, is too well proven to admit of a doubt. So far 
as this first effect occurs (lowering the tone of health) we can 
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easily imagine it to be produced by chemical causes. Definite 
physiological results are known to follow the absorption into 
the system of definite chemical compounds. The effect of 

poiaona. medicincs and of poisons are illustrations too common to need 
more than a reference to them. The agent may work speedily, 
as in the case of active poisons, or slowly, as in the case of 
cumulative ones. The effects may be gentle, as with certain 
tonics, or violent, and, as in arsenic poisoning, take a somewhat 
definite time, like a fever running its course ; but in all poison- 
ing by chemical means, the physiological effect is very largely 
proportional to the amount of the chemical used, and the effects 
cease with the victim. Moreover, the results are reasonably 
uniform. 
Effoctnof " This is very unlike the effects believed to be caused by sewer 
the human gas or otlicr ' filth gascs,' where the results are by no means 

gystem. ^y^jf^^jj^^ ^^^ ^^ ^j^^y appear to be at all proportionate to the 

amount of the gas breathed, nor to its degree of concentration. 
More than this, the results do not stop with the victim ; t}T)hoid 
fever, once started, may extend to we know not how many 
other victims if the right conditions exist to carry it, and this 
brings us face to face with that mooted subject, the germ theory 
of zymotic diseases, a theory so generally accepted by chemists, 
80 strongly combated by some of the most eminent microscop- 
ists and physiologists. 
Typhoid " That typhoid fever has been caused by the escape of gases 
Croydon, from scwcrs and cess-pools into houses, seems to me to be proven 
beyond a reasonable doubt. For illustration, in the now famous 
town of Croydon special cases are mentioned (ninth E-ep. Med. 
Officer of the Privy Council, 104) where the disease is supposed 
to have been distinctly traced to this cause. The gas was 
known to have been driven into the house ; it ' did not smell 
offensively, only a faint, sickly odor being recognized.' In this 
case the gas was driven into the house by a shower filling the 
conductors with water. Other cases at the same time are be- 
lieved to be traceable to the same source. The odor was gen- 
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Uy not rank, 'a faint odor alono I»eiiig renognized.' I tJiiiik 
; is generally concuded fliat typluiid, ouee started, may lie 
ropHgntL'd from patient to patient tbruugh the medium uf the 
bmuruatinns, Now all this is unlike tlte Dperation of aiiy known 
Sieniical porajwund, gaseons pr otlierwifie. Again (from the cheipraiB 
Itnte report), the outbreak of cholera in the city of London, " "'" 
Pinion Workh'iUKe, in 1S(!6, investigated by Mr. Iladcliffc, was 
|bD^ra to liave taken pliice, in hII probability, from a sudden 
Bldx of • sewer air from a drain containing choleraio wvaona- 
B,' this efflnx Iieing caused, or at least favored, by a sudden 
B of atmospheric tcinperatiiro and pressure. Here again 
Rie gas. or ' suwur air,' spoken of as the agent, is not necessarily 
:'gasuf decay;' yet. if a gas at all, it must have been an 
^nic gas, acting as a poi^n, hut bow nnlike all actual chemi- 
1 poloona, where the agent is a known chemical compound. 
" Again, decay of tilth in tlic dark, and away from free access or(i»nioii™j 
fair, ifisnpposed to bo productive of gases especially danger- '""""'"''^ 
a to hoaltli, more so than when tlie decay goes on in the light 
ndfreoair; luid, moreover, that sewer gae is rendered less 
iKirtfnl by a free circulation of air in the sewers. That this 
I not duo to mere dilntion, is shown liy the deleterious 
ihnrocter of the {p"** when diluted only aft(?r it entcre the 



"Couaidered purely iis a chemical question, these facts, il 
I, aro entirely inexplicable. If the giTm theory is aecepteil. 
k plausible esphination is more easy. It is possible to imagine 
Lcunditiim nf things in decaying organic gases similar to that 
IvliicI) iMWUrs in decaying organic infusions. It is known that 
tOcli infusions soon swarm with minute organisms, the almost 
tnivontal occurrence of which in such connection gave them 
Pio general name of " tnfnaoria,'''' and that different forms are 
itiarated according to the different chemical characters of tlie 
iolutlon. Tlio changing organic compounds in the fluid are 
babtteM the food with which these low organisms are nonr- 
ihed. Certain si)ecilic forms thrive best in certain definite 



question, 
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infusions, and apj>ear there wlicn given the proper temperature, 
and, onee started, tliey increase and multiply as do otlier organ- 
isms. Tsow it is easy to imagine an analagous state of affairs in 
organic decaying organic gai^es. Moisture is always an element in the 
unwholesome gases of decay, and along with it are some gjiscs 
that are organic, generated by the breaking up of the more 
complex molecules. Their quantity may be small compared 
with the whole volume of giu^ with which they are mixed, and 
yet sufficient to nourish lioating organisms, just as a mere trace 
of solid matter dissolved in much water, making a very weak 
infusion, is often nutritious enough to support its swarms of 
Practicaibcn iiifusoria. If this 1)0 the Ciuse, it may possibly explain the 
ventilation, aiiomaly that dilution of gas with air within the sewer renders 
it comparatively harmless, while it may be very poisonous if it 
is diluted only after it enters our houses. Thus if the analogy 
is good that tloating organisms, which may be the genns of dis- 
ease, feed on and multiply in the decaying organic gases of 
sewers, as infusoria feed on and multiply in infusions when the 
temperature and degree of concentration are favorable, then 
such floating organisms, after having been once produced in the 
sewer, and then admitted into the house, would not be destroyed 
by dilution of the giu^es in which they float, while, on the other 
hand, proper dilution with air within the sewer might, by oxi- 
dation or in other ways, prevent their generation, or at least so 
im])air the conditions that they cannot multiply in harmful 
numbers. 
Biaiaria. " The belief that malaria is related in some way to the gases 
of d(*cav, has already been referred to. That it is often so asso- 

ft.. c- 

elated in moist air is well enough known. The draining of 
swamps and giving the air access to the vegetable mud accumu- 
lated in such places, the clearing of land and consequent rapid 
decav of the accumulated leaf-mold, have often been related to 
the existence or spread of malarial diseases. Even the decay- 
ing leaves of our shade trees in the streets are often accused of 
adding to the nialaria of a region. In these cases the decay 
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» on in free air and light, iind tJie gafios arc diluted to the 

t degree an eoon aa liltcrutud fruni the generating mass. Yot 

itvre, toil, wo Kan iindert<tatiil how organic gafies may lie eoneon 

ratwl cnongli, la-foru Wing [xiiireJ forth into tho aInKwpliere, 

II give till; n.'ijni!><it(! iiiiurisliiiii.-iit to tlio urguniiiniii or "gcruie." 

|.6tmh dfcayinjj vegetable mutter Js vory porutis; it cwutains air 

Lun n DptingQ niuy water, ami this aii, pernictiting tlic ducayin^Docvimoa 

^lliitiiUK-e, oannol he otlierwise than highly diarged with thti*" """' 

idntHj) of denay, ready to lie driven ont in nevcnil ways, 
Take rotten wood as an example ; the measure of its porosity 
isM>on in tlie difference of weight when wet and dry. A liltk- 
ipDrinicnt tried for another purpose the present week may lie 
pisecl ail illii.sTration. A few daj's ago, where eonie workincti woo>i |ia>i>. 

rere repairiiij; tfie wooden pavement in one of the streets of 

bnr city, I picked up a few pit-eea of the half-rotten wooden 

plocks. They were satiimteil with the water of the recent 

Two pieces weighed, as they came from the pavement. 

Mpcctivety 287 and l^OJ grains. They were then left on the 

iblu in my study four day», and then yefitenluj weighed again. 

Tiey were not yet dry hy any mcuim, yet they weighed reniwc- 

lireljr 'mty 154: and •^4J grams. That ie, as thus dried, one will 

jrli Sll per cent., tlio other (and most decayed) 139 per cent. 

rater, before Hatnratioii. It is easy to aeo how much foul air 

(H>nciml:rated form a half-nittcn wooden pavemwit may 

wid, la hu driven out hy the tirwt shower or by any other cauBc 

Biat dietnrbit the equilihriiim of the afmowphere." 

The deadly onthreiik of f.i'piioid fever at Over-Darwen, Enp-T»i*nw ^ 

tnd, in the early part of 1875. gave rise to a discuseion of much °™' " 

tnterott on the origin and pnipagation of febrile diseases. I'ro- 

[Tfeawr Tyndall, with characteristic enthusiasm, opened the con 

riroveisy by announcing it us hia opinion tliat the urganisnn 

krhieh jut! uiwnined to ho the immediate cause of fevers, are 

■vtilrod from living blootl corpuscles by a procew of dovelop- 

niviit, and that sncli diseases have tlieir origin in the human 

)i8tfiUl, practicuUy iu<Jepcndent of surrounding ToiiisULala or 



34 8EWES GAS. 

emanations from decomposing organic matter. It soon became 

evident, however, that tlic weight of scientific opinion was on 

Beaie's tlio otlicr Side. Dr. Lionel S. Beale, wliose authority in such 

tlieoxy. 

matters is much higher tlian Professor Tyndall's or perhaps any 
other scientific man in Great Britain, seems to have taken a 
middle ground, and to have discovered that the practical are 
of more importance than the scientific aspects of tlie question. 
That the poison of fever grows and multiplies after its kind 
like other living things is, he says, a fact established beyond 
controversy; although it is still a matter of dispute among 
original investigators whether it is a microscopic fungus origi- 
nating without, or a living particle rising witliin and from the 
living matter of, the human system. But whatever may be the 
truth on this point, he insists that human beings are alone 
responsible for the production of these germs and for their 
maintenance and spread ; and that a state of society is conceiv- 
able in which fever germs would neither arise nor multiply, or, 
in the event of their introduction ah extra^ would themselves 
perish instead of damaging or destroying the higher life. 
Fever Genn» " Fcvcr gcrins," lie says, '' will not be developed direct from 
tilth, but by pennitting people to live year after year in open 
defiance of well-known sanitary laws, the generation of fever 
poison in their bodies is favored, while its free growth and mul- 
tiplication if imported is reduced to a certainty. It is there- 
fore our aim to prevent people from falling into that condition 
of health which favors the organization and propagation of 
contagious fever poisons in their bodies. * * * Although 
we may successfully and without fear contend with fever germs 
if we only preserve our healthy powers of resistance, hundreds 
of human organisms are, through defective sanitary arrange- 
ments, being prepared for invasion." ''Bad air and sewage, 
the adjacent dung-heap," concludes Dr. Beale, " may all be per- 
fectly free from fever germs, but nevertheless certainly will 
bring about changes which will render many of those exposed 
to their influence the ready victims of disease. While, tliere- 
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, it ta dcslrabitt, by the use of ilisiiifectante and by other 

Ma, to destroy existing fever geniis with all possible speed, 

klB certainly of far iiiglicr importjuice, as regards tlic wclfiiro 

E die people, that we slinnld do our ntinost to press ii])on 

tiiM tlii; ni!cc«»ily of providing pure water and efficient 

i wherever men congregate. Goo<I water and well-ar- 

sowcrs render itnposeibk' such a calamity im that which 

a now tu dcploru at Ovcr-Darwen. Even though tho 

iliitnotH of a lown well dndned and supplied witli good 

r flhuiild be fully exposed to tlie assaults of hosts of fever 

I in tlicir highei4l. state of morbid activity, they would 

r no injnrj*." 

J diseases ponimonly supposed by the medical profession z; 

B caused or propagated bj-tbe organic germs resnlting from 

Malposition, and wliieli wc may assume an; always present 

r gas, are chiefly those classed under the generic namo 

1 zj^mutie diseases — a name derived from a Greek word mcan- 

j to furmout. A zymotic disease is any epidtimie, endemic, 

mtugiuus or Kporadie affection pptjduced by some morbific 

Mrting on the organism and producing resnlts similar 

( fermentation. The most careful investigations and expen- 

wntis Bxteniling throngli many years, have led to the conclu- 

geiierally accepted by the medical [)rofcs8ion in all 

ries, that gaseous poisons {ivnfjia iieri'd) give rise to 

■ disvaees of the zymotic clase. among which are the 



Cholera .Vsiatica, 
Cholera morbus. 
Cholera infantum. 
Dysentery, 
t)iarrba<a, 
Small-pos, 



Hc^rlatina, 
Dipbtlicri)!, 
Measles, 
Tyjilioid fever, 
Typhns fever, 
Yellow fever. 



The«e are by no means the only diseases of tlie zymotic class 
pkrliieb might bo placed in the list, nor are those given arranged 
1 the order of their relative importance. In times of epidemic. 
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Asiatic cholera is the most fatal, while the milder forms of 
cholera are more frequent and, in the aggregate, probably 
more destructive to life. At the time of this writing small- 
Prevauing P**'^ ^^^^ diplithcria are raging as fatal ei)idemics in many parts 
epidomicfl. ^f ^]^q country, especially in and about Xew York and in the 
neighboring cities of New Jersey and Long Island. There is 
no doubt that tlie prevalence of tliese diseases is attributable, 
primarily, to defective drainage. Many parts of the country 
are yearly visited by yellow fever, and the mortality of this 
and kindred diseases is greatest where the most unhealthy con- 
ditions prevail. Nearly all the diseases on the list have at 
times assumed the form <»f epidemics. Typhus and typhoid 
fevers are not known to be contagious, but they are among the 
most frequent results of sewer-gas poiscming. 
oermth Tliosc wlio acccpt tlic gemi theory of disease, even in part, 

expixxinstho (»j|n fin J Jn it a satisfactorv explanation of the deadly power 

dangers of .. x * x 

■sewer gas. of scwcr gas. Dr. Tlionisou, a careful experimenter, fomid 
organized forms in the air of the sewers of London, and 
although this proves nothing in itself, it is significant when 
taken in connection with the fact that, (luring the prevalence 
of epidemic diseases in EnglaMd, their ])ropagation has been 
carried on most rapidly through sewers and house drains. A 
similar phenoinenim occurred under the observation of the 
writer a few years ago, which may serve as an illustration of 
the transmission of infection by means of sewer gas. 
Typhoid ^^'^ *'*^' outskirts of a beautiful and generally healthy town 

fever com. Ncw York there was a loiiir row of tenements under one 

munlcatcd "^*" r^ 

through a ,.^,^f divided into tliii-teen se])arate dwellinors. These dwellinirs 

house drain. ' ' -"^ *^ ^ ^ 

were occupied by the families of men emi)loyed on the railroad 
and about the extensive coal docks not far distant. In the 
spring of IS72 a case of ty])]*loid fever made its appearance in 
one of the families ; soon another, and then several were 
rejmrted, and the number increased until every house in the 
row was affected. An examination of the i)remise8 was then 
made by a conunittec of local physicians, at the request of the 
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lulbonticd. lUid it wa$ found tliat under the htniaes was a 
; dmfTi common to iheni all. CoiuitiCtioii behvccn this 
and llid wuAie pipes of tlii^ hoiisGiS was cetiiMktiLHl liy 
Mill of ghztil earthen pi]K of sinall eize, in wliich \h.e joints 
) Iteen made widi bricklavci-s' murtar. Noim of tlicsn joints 
1 tight In each liousc theru was one slop liop|ii,T, which 
1) dwcharged into the dmin. The phnnhing work liad hwn 
.Iiinc in the cheapest manner pyasihlc. nnd while the wunfe 
|iipw lvHdii]f< frnm the kitvhcn sinks mk) slop hoppers of each 
lioiisc wcrw trappi'd, the pipes were so tltin and had sagged so 

Kch by tht'ir own weight that in every cafio hut one a dash of 
er would liuve betm qiiite likoly to empty the trails, either 
direct downward How or by eyphoning. Coaimnnicalion 
I tlius t>|>cnt'(i from one house to another througli on unventi- 
id drain, and although intercouree waa not pcrmitlod 
ween Hi« !ntnati?8 of houecs free from fever and those in 
whieJi it hud niiide its iippoarance, the ficrins of disease, con- 
toiiied in the ctereta of those first attacked— whicli Iiad iicen 
■owii info tlie slop ]iop[)iT9 — had found a means of access 
1 had escaped flie vigi lance of the physicians. 
I country di:ilriel« the germs of typhoid fever are mttst fro- 
bntly comnninieated to the hnman system through drinking a 



;pnritiea. This aUo occurs to a great extent in cities and " 
I'lall towns not provided with water works, and in which the 
.iihahitimts are depondent upon wells necessarily sunk in close 
nily to privy ^■aulta and cesspools for tltc reception of 
I drainage, tn eities drained liy sewers and t^upplied by 
r works there is little chimce. except when the most inex- 
Cftrele^noss has lieen manifested by builders and 
mbcre, of any contamination of the water, unless drawn 
II polluted sources, and if the sewers are well ventilated and a, 
! connection.s projterly made, there seems tji be iic ^ 
why the public health should suffer from any cause "" 
ablo lo sownge. But sewer.-i are soiihim well ventilated in 



aki 
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this country, and house connections with sewers are not 
always, if often, so made as to offer effective opposition to the 
inflow of poisonous gases generated in these channels of pollu- 
tion under our streets. The first step in the direction of 
reform should be the thorough ventilation of the sewers, and 
then any improvement in the character of the plumbing work 
in houses and dwellings will be more likely to accomplish the 
results desired. 
The drainage The history of the sanitary works of Croydon, England 
o Croydon, ^{j^f^j.^ referred to in an extract from Prof. Brewer's paper), 
shows very clearly the importance of sewer ventilation. This 
was formerly a very healthy town, but as the work of providing 
it with sewers approached completion an epidemic of typhoid 
fever broke out. Latham, in his excellent work on Sanitary 
Engineering, which I consider one of the most valuable of 
recent contributions to the literature of this very important sub- 
ject, gives the following account of the effect of ventilating the 
sewers in diminishing the death rate of that city : 

" The mortality of Croydon rose from 18-53 per thousand in 

1851 to 28-57 per thousand in 1853. Those early sewer works 

were designed on the principle that all matters were to be so 

FormAtion of rapidly discharged from the sewers, and the sewers flushed 

^TentlSdby ^'^^^ ^^^^ ^ copious supply of Water, that decomposition could 

flushing. j^q|. ^g^jj-g place, and therefore it was thought that sewer gas 

would never be present ; but in practice this theory was not 
found to be borne out, and it is a remarkable coincidence as to 
the cause of the frequent outbreaks of fever in Croydon which 
took place at certain intervals until the year 18G6, when the 
sewers were thoroughly ventilated, that diseases which formerly 
made their haunt in the low-lying districts were transferred. 
Typhoid after the completion of the drainage works, to the highest or 
tag the u^^ l>6st portions of the town, thereby establishing the fact that the 
of sewew, pj-Qgence of tlie disease in the high localities was due to some- 
thing carried in the air of the sewers, which, in obedience to a 
natural law, accumulated in the highest part of the district. 
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\\ ?n«y lie faid that, as CroyHon was sewered on the small-pipe 
■y-tem, the result of noii-ventilation waa attended with more 
iitrke^l rcimltH tlmn is tlie cam in towns where sewers of larger 
i'.e are in vogue, as the fiuctnatioiis in the rate of flow and the 
aSecta ai sadden chaugea oi temperature, which liave an 
lordinary influence on the air of eewcrs, in tliie case exer- 
i a. more marked effect in increasing the pressure of tlio 
briwnod sewer air. 

PWIth regard to the rcsnlts that have arisen when venti]a-B«Deiioioief- 
I of eewers has been adopted, tlie case of Croydon sIiowb Tunutaiioo. 
u-Iy that proper ventilation liae been attended with very 
Ueficial resuItB. Since the inti-odnctiori of systematic vcntila- 
1 tiwrc hare been no periodical uutbreaks of fever, and the 
Uttrul nite of mortahty hue bo declined tliat, m a district 
tring II population of nearly 60.000 jiersons, the rate of mor- 
iBty rarely exceeds 18 in the lOOO, which is a standard 
t health unparalleled in sanitary science for a district having 
> targe a piipiilation. The example of London affords another 
[king example as to the influence of sewer ventilation. ThasmDpiB 
! the eewers are ventilated, though no general plan is "' •*"**"■ 
for dealing with the noxious etBuvia escuping from 
9 voutilntors, and yet London stands at the head of all large 
by reason of itii small death rate, which ha;s been 
tibed by more than one eminent authority to the somewhat 
J ventilation provided for the sewers." 
I tliink I may say, without doing any injnstice to onr civil scwerTsoti- 
inecrs, tliat sewer ventilation is not appreciated in this pwiued la 
1 proportion to its importauiie. Cci-tain it is that oura^„^ 
; authorities are too generally indifferent to it, and no 
, hits been proposed which has secnred general adoption, 
t tJittt of ventilating through perforations in the man-hole 
Must "f those who have ventured tu propose plans 
f sewer ventilation have been ignorant of the conditions 
. must be observed to secure the results desired. Like 
t matters conneeted with sanitary engineering, the ventila- 
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tion of sewers seems to be more generally discussed than 
understood. Every little while men wlio should know better 
bie plans for write letters to the newspapers, urgmg upon the attention of 
lation. tlie health authorities the plan of ventilating sewers through 
the chimneys of furnaces provided for the purpose, and illus- 
trating the practicability of the system by comparing sewer 
ventilation to the ventilation of mines. This oft-invented 
plan is an old one, having been practically tried and abandoned 
several years ago in England. The fallacy of the idea is 
found in the fact that the ventilation of a system of sewers 
presents us a problem in no respect analogous to the ventilation 
of mines. In a mine we can direct an air current from passage 
to ptissage along its entire length, so that each gallery sluill be 
swept over by a current of air entering at thn downcast shaft 
and drawn out at the upcast. A system of sewers, on the con- 
to exhaust trary, may be likened to a tree and its branches. From the 
main sewers extend the laterals in all directions, and these, in 
turn, become the mains for smaller sewers, until a whole 
district is covered with an intricate network of sewers and 
drains, ending, in whatever direction we may follow it, in the 
soil pipe of a house. These laterals vastly exceed, in their 
aggregate area, that of the mains into which they discharge. 
Now, to produce even a perceptible flow of air through these 
laterals in the direction of ventilating shafts established at 
points on the main sewers — say, a current moving at the rate of 
one mile an hour — we should have to maintain in the main 
sewers a perfect hurricane. Any engineer who will study a 
plan of the sewage system of any of the New York wards, will 
see at once the hopelessness of an attempt to a2)ply mine venti- 
lation to them. 

Another and very important objection to this plan is found 
in the fact that even if we could maintain by artificial means 
an outflow from the sewers, we should not secure as good a 
result as would be attained by simply providing openings and 
allowing the sewers to ventilate themselves. The sewers are 



iitimiiilly " bruatliinjr/' At times they draw air in with coii- 
I ralilu furcc; iit other times tiiey expel tiie air willi a fortTSewo™ 
r ■ it etioiif;]!, if reiiiated by obstrnctioiis at the opeiiiiifTR in tin- brfMnme. 

■i-bwW covurs. In displace the Beal of any water trtiji in line, 

: ' '!•% the ioWy of Kuckiug to prodncB by artiliL'ial luL^aiif effoi'ls 

lir'li nature ia ready to accumplieh unaided, if we will only 

. I- lier an i)ppi>rtunity. t^irnacos, blowers, fxhanet fans, and 

ii'-r int-ctiaaical apparatus for exhangtiiig tlic air in powers or 

ning fr*»b air into them, are expedients which snggest theri- 

'■ v.-t to thoifo ignorant of the const riii'lion of ecwers and of the 

hnttious going i>n within them. Tiiey have all been tried 

til extreme care and have failed nttcrly, and yet sewers may 

jH^rffctly ventilated by means of gimple openings. If every Tueaimtiint 

>ii-holo «ovcr in our streetn were replaced witli a grating, as umi. 

; "Ti m might lie consistent with strt-ngth, and these were kept 

■ ' from iee,8nijwund mud by men employed for the purpose, 

I 1 every lioiit:*e owner were reipiired to vent his fioil pipe (un- 

ii-irncted by any form of trap along its line) above hig roof, 

ihu ventilation of onr eewere would be accomplished. The 

laUir fipent in devimng other means of attaining tliis resnlt 

^^pury likely to be wastjid. 

^^Uie only powible objection t^) sewer ventilation is, of enuree. 

IPH npon the aegumpHon that the air from the eewcrs would 

■ iirry with it noitioU'^ gastis and organic germs to poison the sur- 

imding atmosphere. This objection i& less serious than is 

umnionly suppoiicd. as the organic germs in sewer eas are 

Jtly oxidized and destroyed by contact with fresh air. 

■h« question of sower ventilation is, however, one which the 

iividiml citizen is not called njKtn to decide. All that lie can 

> in ibe Mintter \» to eee that his honso is properly drained ; 

111 in sndi portiona of thid book as relate to drainage, tlie 

iilior has endeavored to deal witli exi«tting conditions — one of 

iiii'h is assumed to be dofoetive sewer veutilatjon. 

Were it desirnlilo to miUtijdy testimony respecting the dan- 

• rtiufl effects of sewer gas when permitted to mingle with the 
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confined air of onr — as the rule — badly-ventilated dwellings, 

this chapter might be extended to indefinite limits. The fact 

is too generally conceded, however, to need the confirmation of 

abundant proof. 

In determining whether sewer gas is present in the air or not, 

dependence is too generally placed upon the sense of smelL 

The absence The uosc IS a much-abuscd but very useful organ, and, if prop- 
er fouismeiis T ^L^ J. ji • ^ 1 • • A^ Ti» •. 

no proof of ^^v Cultivated, is of great service m the work of sanitary 
*^*^ "^^"^ inspection ; but tlie fact that the air of a house is oi*dinarily 
free from unpleasant odors does not prove that disease germs, 
generated in the sewers, cannot find means of access to them. 
Two instances will serve by way of illustration. In 1874 a 
manufacturer, doing business in one of the upper wards of New 
York, had occasion to employ crude petroleum for some pur- 
pose, a portion of which, being useless to him and of little 
Petroleum In Intrinsic value, he allowed to run into the sewers. Immedi- 
^^ewer. ately complaint was made to the Sanitary Superintendent of 
the Board of Health that every house in the neighborhood 
was filled \vith the smell of petroleum residuum, and petitions 
were sent in praying that the nuisance might be abated and the 
manufacturer enjoined from running any more of the oflFensive 
refuse into the sewers. The smell of the petroleum could only 
find its way into the houses through waste pipes communicating 

▲ nuisance directly and indirectly with tlie sewers, and its presence only 
"dfllgen called attention to the fact that the traps afforded no effectual 
protection against the influx of sewer air. The gentleman at 
tliat time filling the office of Sanitary Superintendent, sug- 
gested to the committee of house owners and tenants who 
waited upon him with their petitions, that the offending manu- 
facturer deserved a vote of thanks for having called their atten- 
tion to an evil of which they liad previously been ignorant ; 
but they insisted upon having the nuisance abated, and when it 
was done they probably relapsed into the comfortable indiffer- 
ence to the condition of the plumbing work in their houses 
from which they had been temporarily aroused by an unpleas- 
ant but, in itself considered, harmless smelL 



n%e other case is somewliut siiniUr to tlic nno already men- 
oil. At the time uf tliis writing there is mi oil refinery on 
a Lcmg Islaml eidc ipf tlie East River, which mns tho unsiil- 
ftle nwiduimi of the refining pmcess into a sewer whit-h dnuiiB Pcnoi*om m 
Ktpnioibt Bcction of tho Eariteni District of Brooklyn. Whi-ii barssioww. 
I tide is low, uncovering tlio montli of tlii' buwct, and tlio 
^d b from tJie west, tiie smell of petroivnm is iin]iIoa£juitIy 
sable in the bath-rooms and watuT-t^loauta of nine-tenths of 
ft hou«<!8 in !i distrirt of coimidcnihle extent and containing a 
^ Rtsidunt jiojiiiiiition. W'hurevor tlio Binell makes it way, 
<• may safi-dy conplude that it carries with it poisons capable of 
•ilucing si(!knea8 and, under favorable circumstances, of de- 
roying life, 
kIii the di»nissiun of (juestions wmneeted with sanitary engi- 
ring and public iiualtli, it is important to avoid a confnsion 
t growing out of a faihiro to dieerimiuate between the 
B of tlie sewage system and the system itaelf. Wc dionld 
D ted by failures lu engineering and plumbing to denounce 
indern improvements which have rendered water service 
lionse drainage possible. Breslau and Munich are to-day condiuon. 
nog nearly fiouhlc the deutli rate of London and Vienna; thoniniuh 

t Brenlau and Mnnieh have but little house ]ilunibing, an<l 
D their cJoaoal nuisances outside their dwellings. The popu- 
II of London, on the other hand, depends almost wholly npon 
r systems of water-elosete and house drains ; while Vienna 
laced itft mortality over 30 per cent, by the provision of 
n over-abundant water supply from tlie mountains, flushingthe 
ite drains and sewers and supplying pure water in excess of 
London, Pariw, and the parts of Glasgow, Berlin 
Hiol wliich have an ample water supply at high prcs- 
I, aru for the same reason as Vienna neai'ly as healthful as 
; favored rural districts. Here also we find the best 
f engineering and the best plumbing. 



CHAPTER III. 

Waste and Soil Pipes. 

Those who liave given the subject of house drainage any 
attention do not need to be told that while the plumber may 

Importance a •/ 

of good unsKillf ully perform many parts of his work with no greater 

' resulting mischief than a perpetual inconvenience to those who 

live in the houses in whicli he makes his ignorance conspicuous, 

any dev^iation from good workmanship in the waste pipe system 

may prove a perpetual menace to liealth and even life. In the 

Traps and Succeeding chapter I shall speak of traps and seals, and of the 

seals 

' method of ventilation by which the gaseous emanations of the 
sewers are conducted away from tlie points at which tliey are 
otherwise likely to exert a pressure great enough to displace or 
pass through the water seals upon which we rely, to a great 
extent, for protection against the inflow of foul air currents. 
In this chapter I shall speak of the selection of suitable pipes, 
the luiiting of the lengths by water and gas tiglit joints, and 
the avoidance of all causes of obstruction and leakage. 
Lead waste ^^^ sHiall wtistc pipes the material generally employed is 
pipes, lead. It can be easiest bent, joined, cut and otherwise manipu- 
lated, and cannot do any damage by parting with poisonous 
salts to the waste water brought in contact with it. The size 
and weight of lead pipe used should be determined with refer- 
ence to the service expected of it. A waste pi])e should never 

Relation of ^ ^ ^ . 

size and be SO Small as to retard the outflow of water or become easily 

weight to , , 

volume of choked; nor so light tis to be rapidlj destroyed by corrosion, or 
broken from any cause. In my judgment, based upon a some- 
what careful examination of good plumbing work, the best 
sizes and weights for general use are the following : 

Diameter. Weight per foot. 

Sizes adapted ^oY bath wastcs li iu, 3 lbs. 

to various 



uses. 



" " overflows 1^ in 2J lbs. 
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CiomctrT. Wright per fool. 

For basin wastes IJ to IJ in. 21 to 3 lbs, 

** " overflowB IJ la. 2J lbs. 

** waah-tub wastes 2 in. 3 lbs. 

fbr kitchen sink wastes it is generally Advisable to use three- Tnr*i& 

t pipe, with the exception of the sectiun contiiniiig thu Hnkwuie*. 
tsp, which BiionlJ bo two and one-half inches in diamoter. in 
■ that anything forced out of the trap ehall not hxlpu 
farther alonf; and again obstruct tlic flow in a lens apceseiblu 
It is a very common practice aiuoiigbloveiily kitclien 
trvants to remove the braes strainers and brush alt sortH of (,b,u^^,(,„, 
siBj waste matter not valuable a-i eoap grease into the pipe. ^!^'. 
mseqnently its stoppage by an accumulation of solid matter 
n tlie tmp, wliicli duties boiling water and snl noda, is in many 
loiues a matter of almost daily occurrence. These aecumular 
loiw will sometimes form even with good and careful manage- 
leat, and to avoid serious trouble it is desirable to make the 
(»p at lenrt one-half inch smaller than the body of the pipe 
below it. and place it near the strainer so that a short tlesible 
rod of any kind may be passed into it. When trap Rcrewa arc m^icrewi. 
vided Ibis precaution is unnecessary, as accumulations can 
1 be cleaned out of tJie trap without forcing them into tl;o 

A still better arrangement is what is known asthogrcarc-OFMiotraM. 
Mp, which has many advantages but is not generally used. 
Rlla ifl A vessel receiving the waste water of a sink and having 
S ontleC from the bottom through a pipe rising nearly as high 
B tlio top of the trap. As greasy substances are lighter than 
tor, they Hoat and assume a semi-solid consistence inside the 
Ting vessel while the watpr below passes off readily, Tliis 
|»Hec laves the fatty matter, which for soap making is of con- 

Jjle value in tho domestic economy, 
[ For largo waste and soil pipes, cast iron is the material wbicl cmiir^n 

r about fifteen years haa been almost exclusively used in New 
fork »nd vicinity. Its advantages over lead are many, In the 
, pUtce it is chen(>er, which is an importiiiit consideration ; 
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but its chief superiority consists in the fact that it is lighter, 
Lead not stiffcr, Stronger and less liable to accidental injury. Thin lead 
large sixes, pipe of large diameter is necessarily weak. It sags by its own 
weight and often breaks from inherent weakness. Heavy lead 
pipe of sufficient size is both too costly and too heavy for use, 
and, owing to the weakness of the material, there is great diffi- 
culty in securely fixing it in any position in which its weight 
supertority falls upou the fasteuiiigs. Iron pipe is wholly free from these 
ron p pe. QJ^jg^j^j^j^g j|. jg gtroug, Stiff, and corrodes so slowly that, if of 

proper weight and good quality, it will ordinarily last as long 
as a house. We could scarcely wish for a better material. It 
is easily cast into any desired shape, and the requirements of 
plumbers have been so fully anticipated by the founders that it 
is very rare to find an architect's specifications calling for any 
form of pipe, joint, trap, Y? branch or bend, which is not kept 
in stock, or which, if not in stock, cannot be fashioned by coin- 
iron cast binations of parts already made. One of our iron founders 
required told me, ouly a fcw days previous to this writing, that he was 
* ^^^ almost daily in receipt of orders to cast special sliapes of pipe 
sections and joints, but rarely found it necessary to make a new 
pattern. If he did not have exactly the article wanted, he 
could almost always make it by putting two or three pieces 
together, no matter what the use for which it was intended or 
the position in which it was to be placed. 

But while we have in cast iron a material which, all things 

Conditions of considered, is as good as we could want, the efficiency and safety 

usoof iron of a liuc of cast-irou soil pipe depend in a great degree upon 

the manner in wliich it is set up and joined. Probably every 

practical plumber in the country knows how to make a tight 

and perniiment joint in iron pipe, which, for convenience in 

handling, is cast in short lengths, but they do not always do it. 

Careless Join- lu somc iustauccs I liavc sccu the lengths set into each other 

*°^*^'^°'**^^ without any attempt to make joints at all. The consequences 

of such slovenly workmanship may be serious and far reaching. 

Such connections, while they do not often leak water — ^which 
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pis maeli to >ic regretted — afford a free outlet for tlie gOBcs of 

f the sewer and drain. TIk-sc gasee riee along the Bides of tlie b 

y,|Hpe, spread between floor timbers and practically dietritnitc tr 

t tliemBelvpe over tlie entire house, vitiating and poisoning the air 

■of living and Bleeping rooms. There aro many liouses which 

ttiru Baturated, so to speak, with Bcwcr gas escaping from loose 

•r dofeotivc joints in soil pi|»e8, and the evil is one against 

pr1ii<'^ architects and builders, a& well as plumbers, should caro 

BiHy gnard. 

I "niere are several ways of making good joints in cast-iron x 
pipe. Tliere are also several methods in common nse which jo 

inol l>e depended upon, and which lihoiild not he employed 
inder any circninBtanoes. Those which are good, as well as 
> which ftre not, may l>e briefly dcscrihed aa follows ; 
In making a joint witli melted lead, a gasket of oakntn, tow t. 
¥^ other fiber should be inserted in the cavity of the hub, and 
B.'tfio spigot end of the length next above it eet firmly down upon 
; or the gasket may be forced in with a suitable tool after the *>' 
mgthfl arc set up. Its utility is to keep the melted lead from 
mning out of the joint and obBtrueting the boro of the pipe 
it sonic point below. Upon the gasket the lead is poured from 
I Udle, and at this point too many plumbers rest satisfied, 
biiiktng they have made a lead joint. Leiid, however, is a 
letal which Bliriaks in cooling; moisture or dirt will pn--^* 
(nt its adhering to the iron, and no good workman will con-w 
Idcr the joint made until ho has finished it by carefully calking 
Bl aiwund it. With a suitable calking tool, tlie lea<^l is expanded ^ 
pid nntil it tills the* joints as perfectly as a gold plug tills tho 
BTitj of a tootli upon which a skillful dentist has operated. 
I The tightaeee and strength of a lead joint depend in great 9' 

e npnn the use of plenty of lead and tho manner in whicli 
fie calking is dune. In good work it is necessary to use a 
ittiid of lead to each inch of the inside diameter of the pipe. 
Well, at least, is the general cxpericnc*.'. A joint in 3-inch pipe 
sqnircs three pounds of lead, in 4-inch four pounds, and so on 
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up to the large sizes. In calculating the amount of metal to oe 
ADowBnce pourcd, it IS safc to allow one pound in three, or two pounds in 
six, for waste. The amount which a good workman will spill 
in pouring is not, probably, as great as this, but one pomid in 
three is not an excessive margin for loss. 

In the opinion of many good workmen, a joint should never 
be filled by two pourings wlien it is possible to make it witli 
one ladleful. This is a mistake. When a little extra time can 
MBiifir Joint* be given to make tlie job first class, two pourings are better 
pooHngg. than one. I know a very expert practical plumber whose 
method of calking in first-class work is to pour in enough metal 
to f onn a ring, say half an inch thick, calk this all around, then 
fill the joint with metal and calk again. In iron pipe, a good 

Good fitting deep hub with a small play between it and the ring on the 
spigot end, is the best for good work. "When the pipe goes 
together loosely, there is more difficulty in keeping the lead 
from running into it and obstructing the water-way. There 
are several firms in this country having a high and well-deserved 
reputation for the cast-iron pipe made by them. 

Joints madd The usc of alloys which expand in cooling has been suggested 

with exp&nd* 

ingauoyo. for making joints in cast-iron pipe. The idea is a good one 
theoretically, and would, doubtless, be found to work practically. 
Tlie principal ol>jection to this method ;s that most of the alloys 
which possess the property of expanding in cooling are expen- 
sive. Old type metal is probably the cheapest form in which 
such an alloy can be bought, but is too hard and brittle 
owing to the percentage of antimony it contains. Such joints 
would enable careless or slovenly plumbei'S'to dispense with the 
labor of calking ; but lead properly put in and expanded by 
tools of the right shape, is good enough and will last as long as 
the pipe. 
Red lead Joints wcU calkcd with red lead are tiffht and durable under 
' ordinary conditions. Mixed with oil to the proper consistence, 
about that of fresh glaziers' putty, tlic red lead is worked down 
into the joint with a calking tool, and unless the space to be 
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tilled i» verj large, the joint will be tigliL I do not, liowcver, 

coumder this as good as the method pravionslj described, for 

m-ihe niuun tlmt, if tbe p'lpva are Diovcd a lht\e, or sliakcn from 

Tinjr caudc, tlioro ia great danger tliat red lejid juliita will ha 

rokCD. Sucii [lossibilities of accidents must be guarded agalnet, 

'. Pvtty jointa are sometlmee met witli in very cheap plumbing pniiTjotoa 

t>rk ; but as mucIi joints should never be made, the method of 

Idng tlicm need not lie deecribed. The same is true of mor- HorurjoUM 

r joints, which Hre, if auj-thiug, worse tliau no joints at all, 

>ausc they give rise to a nustaken sense of security 

smuug those who are so ignoniTit and at the same time so credu- 

JouB as to believe whatever a dishoneBt contractor may tell them. 

With the expausion and contraction of a pipe, mortar or cement 

s &nd leaves the joint practically open. I would condemn 

Evitll eqniU severity joints made with Portland cement when oamnt 

ths of cjist iron pipe are to be united. This cement is 

robiMy the best substance for uniting lengths of earthen pipes 

t land drainage and other purjKises, but it is not adapted to 

f Iron. It is jwrvioua to both giises and liquids to some extent, 

ttid B8 it expands and eontrucfji dilfereutly from iron, ii soon 

kckB and crnmbles, leaving the joint open. 
\ Joints made with niblier washers have been used to a consid- 

Wc extent in the We*t, and attempts have Eteen made to Bnbberw=>it 

Itroduce tlie washers in the New York and other Eastern mar- " 

, but they tjave not been regarded vrith mneh favor. The 

dien are rings of vulcanized India rubber, cylindrical in seo- 

, fio that they easily roll when slipped on the end of a pipe, 

inpicJely close the space between the spigot and the sides 

r the hub into which thej are inserted. Being clastic, these 

I permit any amount of confmetion and expansion possible 

1 cast-iron pipe, and probably keep the joint tiglit for a coiv- 

[omblo timo. The principal objection of intelligent ptumbera 

ftlotllis form of joint, is based upon the fact that it is dil&cult 

J procure pure India rubber, well cured. How far this objec- 

Ption is valid I am not in a position to say. Were the rings 



50 WASTE AND SOIL PIPESw 

intended for use in positions in which they wonld be constantly 
submerged, I should not hesitate to trust them. As it is, I have 
doubts. Lead is certainly a great deal safer and, consequently, 
a great deal better. 

Ruftjointo. Rust joints may be made by means of a mixture of sal ain- 
monidCy sulphur flowers and iron borings. Such joints are tight 
without doubt, since they make a line of pipe one continuous 
and rigid piece. It is for this reason that many plumbers 
object to them. Tliey assert that a pipe united with rust joints 

Difficulty of cannot be taken apart witliout great danger of destroying it, as 

"^ °°' the breaking of a well-made rust joint is an extremely difficult 
operation, and that if it is necessary to open the pipe at any 
point, the whole may be destroyed. Rust joints can be sepa- 
rated, but it is a delicate and difficult task, involving much care 
and labor, and one always attended with some danger to the 
pipe. This kind of joint is, I believe, the only one which can 

Rafltjointa be depended upon in pipes which receive the exhaust of steam 
which receive cngincs. In such cases lead joints are ahnost certain to come 
*^»t«^ apart. With regard to the difficulty of separating them, it 
does not seem to me much .Treater than in the case of well- 
calked lead joints- The only way to get a lead joint apart is to 
molt it, and the pipe is often so placed that the plumber dare 
not apply Are to it. In that case it must be broken. 

Sulphur and Sulpliur aiul pitcli joiuts havc been made with a composition 

pitch joinu. consisting of equal parts of these su])6tances. This composition 
is used to some extent in the arts for making joints analogous 
to those in soil pipes, and if we must have cheap and bad work 
there is no doubt that sulphur and pitch joints would bo 

Cheap fliiin^ far better than those made with putty, mortar or cement. 
orjontB, Q|.j^gj. ciiQap substances might be used, but when the plumber 
ventures any experiments in this direction he should be sure 
Qualities that the material he uses is not decom])osed by sewer gas, that 
it contains no volatile constituents, and that in drying it does 
not shrink nor crack nor become rigid and unelastic. Until he 
has detennined these qualities by tests which admit of no mis- 
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ftake, he wniild ilo wt^ll to iihc only tlie beet materials employed 
Lby the tnule and whicti experience liae shown to bo adapted to 
■ibc parpoM. 

In (lotting up a lino of soil pipe, intelligent provision f-iimild 
■■jB Im tnado for thts expan^on and contraction of the lut'tu! Eipnnsirn 
altiiig from chitngvs of temperature. These ohaufres, liow-„o„„, ^n 
Liner, un; wildoni sudilen or extreme, but when the i>i]>o is at ^^' 

vaj point rifjidly fastened to the wall it expands in both direc- 
('tiona. The amount of motion at the ends is small, but it must 
B provided for or it will provide for iti^elf. The pt*wer with 
I iron expands as ita tempi'rature is raised, is practically 
cetstibltf. Tiio end of a pipe may not move more than an 
li nr a sixteenth *>! an inch, but the power with which it 
s that distance is so great that it can only be resisted by a ■ 
r great enough to crush the metal. This would be, in 
■dinary canes, equal to about 75,0l>0 pounds per firjuiui-e inch, 
e Ktrengtli of cast iron to resist cnishing strains being from 
{tfiOO to flO.OOo pounds per square inch. Consequently, wo 
nless the fastenings at the ends of a line of cast-iron 
B are of such a character as to admit of slight movement, 
btnetliing must give way, and it is not likely to be the pipe, 
fhis, then, must he provided for in the clianicter and position 
t thu fastenings, whieli must he so arranged that, while allow- 
r some movement, thoy shall not develop a tendency to 
or luosen tlic joints. Under ordinary conditions the conditkm* 
t of expansion in seldom great enough to give much tron- grwitwfwi- 
!, bnt whon flteaiit nr a great volume of very hot water wasteH '* "■ 
a ail irim pipe, it is sometimes great enough to loosen joints 
icven crack the pipe. 
1 gixKi practice a vertical line of soil pipe should l>e set on siiwwn.trr 
\ flangtw. one to each length. There is always more danger *J^S^^','^ 

I'ing too few than too many. In mnch of the work which 
• pomo under my notice, dependence has been placed almost 
%olly U[Kin pipe-hooks, which are verj' good for keeping apipuhootiL 
Hpe steady, but are not lo be trusted for carrying any consider- 
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able weight. There are sundry patented devices for sustaining 
Patented de- Vertical pipcs against flat walls, In recesses and in corners, 
porting pipea. wliicli, SO far as I can speak from experience, are mostly useful 
and practical inventions. Of the proper methods of supporting 
lines of pipe laid on grades nearly horizontal, I shall speak 
further on. 

When the small waste pipes are of lead, and the main waste 
or soil pipe is of iron, as is found in most examples of good 
Connecting pluuibiiig practice, it is necessary to make connections between 
them which shall be tight, strong and durable. This is a mat- 
ter of great importance, but in much of the cheap contract 
work of the time we are very apt to find careless workmansliip 
at this point. A safe method of connecting lead and iron pipe 
urassferriiies is by means of the tinned brass ferrule. The taper end of the 
ferrule is slipped into the end of the lead pipe and soldered 
fast. The other end, which is provided with a flange, drops 
into the hub of the soil-pipe branch and is secured in place by 
Copper and a wcll-calkcd lead joint. Copper and iron ferrules are also used ; 
but while copper is better than iron it is not so good as brass. 
A joint made by this method is siife and durable, and will never 
need repairing until the pipes themselves give out. A cheaper 
metliod, and one which is probably just as good when properly 
employed, is to substitute an iron ring for the ferrule. In set- 
Ends ot pipe ting up a line of iron pipe, it is almost always necessary to cut 
tutcfor off one or more ends, making rings a few inches wide. One of 
these rings, or collars, is slipped on the end of the lead pipe, 
which is turned ov^r it. Thus reinforced, the end of the lead 
pipe is slipped into the hub of the soil-pipe branch, and the 
joint is calked in the ordinary manner — the iron collar answer- 
ing every purpose of the ferrule, and utilizing an otherwise 
waste piece of metal. Perfect joints may be made by this 
method, which can be recommended with confidence. 
iNooojection Much of the objcctiou wliich theoretical sanitarians have 
lead con- Hiadc agaiust the use of cast-iron soil pipes is founded on the 
ons. ^^Yioi that, because they cannot be soldered together or to lead, 



k IB iaipoB8ibli< to make tight joints bctwcon the lengths or 
i connL'ctions. No euch difficulty exists in jirautice, 
f phtmbcT knows this, and thu etatement is made muruly 
aiiBc » gn;iit miitiy wlio aro not plumbers have mistaken 

8 upoii ttiis mttijuct. 
In connectinf; an iron n-ater-closet receiver or hopper with a pnnnwtiwi 
1 waste foiitaining a trap, wt; liave a problem analojj^ous to^j^"^" 
at alrcadv conBidcrt^, but tlie method employed nmst be p''™ 
mowliat diffcrt'iit. The pi|K! is brought up through the floor 
Utl, 111 litKtchuis worlc, tliron^h the bottom of a lead safe, to 
ieh it is sohlcred. Wlien no safe is need, the end of the pipe 
b ejqwiiilud, so an to form a iiruad flange resting on the Hoor, 
gii] tliifl iH thickly povered with putty. The nozzle of the liop- 
r receiver ia then set into the mouth of the pipe, and is 
aij wcurcd to the floor by nioitiis of ecrewB which pose 
rough the iron flange and through the flange of lead formed 
|r expanding the pipe. If the putty is properly applied and 
e closet firmly screwed down, the juint will be tight and i>er- 

Good white-lead putty, tightly compressed, will makcpa,,,. 
I'joint which will be Btoam tight for years, and I know of no 
1 reason why hucIi a joint should not be both water and gas 
; m lung as it remainu unbrokeTi. Imlia-ndiber wasliors 0^,,^,, 
jftve sometimes l>ecn Ufed in euch joints, but I aliould cimsitler "■*"*"■ 
y, properly applied, quite as good, if not better. When 
1 safeB aro n§ed, the lead pipe, as I have already ttaid, is 
1 fast to !t, with or without Hanging, ua the plumber 
rprefur. The joint is then made m already described. In 

e should tlic weight of the pipe, witli its water seal, be jomunm 
wed to come npon the joint. If not sccui-ed to the floor, 11 "^J^'JI^ 
mid have an independent snpiwrt of some kind under the 
1 of tlic trap. Ajuong the instances of bad plumbing which 
i^ve conio under my notice, I have tieen cases iu which the 

s weight of a Jrineli lead pipe connecting a water-closet Ex,mpie,n( 
lAth K ioii-pipo branch — so thin as to be searee able to suetaiu ^^jS^""" 
sown weiglit and with four or tive pounds of water in the 
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trap— hafi been allowed to hang from a joint in which the 
only dependence was upon the cohesion of putty. That only 
a fool or a knave would do such work — even by contract — is a 
fact too evident to need the support of argument. 

In the ordinary plumbitig of a house there is no part of the 
work which is so liable to be slighted, or so likely to give rise 
OTeriiowB to Conditions unfavorable to health, as the overflows. In jobs 
wastes of work of otlicrwiso unexceptionable character, the overflows 
are often the weak points, and through them the sewer gas finds 
its way into the house. In the cheaper classes of work, both in 
New York and Brooklyn, I have seen houses so piped that the 
overflows had direct and untrapped communication with the 
sewer. When safe wastes are connected with traps, they are at 
times as great a source of trouble as the overflows. With the 
-^ trap dry, from any cause, it may be necessary to put in the 
' plug of the fixture to make a seal, which would be eflFectual but 
for the overflow and safe waste, which admit the sewer ga^ses 
freely. These openings are usually so located and of such 
shape that it is a difficult matter to close them perfectly, and 
under such conditions the householder feels that he has abso- 
lutely no protection. In summer, when a house is to be closed, 
perhaps for weeks at a time, it is almost certain that evapora- 
tion will unseal traps, and then, in spite of plugs or other pre- 
cautions, the liouse is open to the enemy. Some two years since 
Examples of I had occasiou to examine the plumbing of a number of houses, 
manship. the rent of which varied from $700 to $1000. I found that 
on the second floors neitlier basins nor bath tubs were provided 
with traps, and when the phigs were used to cut off the gases 
the then unexpected difficulty of the overflows presented itself. 
A short time since a friend of mine moved into a house plumbed 
in this style, and was soon compelled to invent something that 
would make the place safe to live in. The first thing done was 
Closing to cov^er all the overflows. This was accomplished with putty 

overflows. . i • i.i *j.i • ^ i • i 

m some cases, and in other cases with pieces or inuslm put on 
with shellac varnish. The plugs were kept in all the time, 
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t when ramoved to discbarge waste water, and a little 

I water druwn npon tliem to make t.'ertain that they were 
B|K>riy mtated. \iy kt'cpiiig tlio wnter-closot cuver closud, in 
Uiiion lo freiiuciit ftiivliiii^. tlio Iihiiko wus reiidured compara- 

: free from tlio faint, tleprcsKin^ odora of sewer gas. I 
i l>een tlitu particiilur iii deHcribing a ease in point, as the 
Urn mnpli^viid may l)e of eervieo in siuiilar instances, Tlie 
mber will at once tJiink of the dangers attundiiig tho dosing 

II overfloivi;. and it wiis not without some misgivings tliut 
Un was adopted. Tlie worst thiit can Iinpi)eii, however, is 

» dcstmetioti of wallx luid ee'li^igs, and if due care is bscp- 

1 tl)i« will niiver happen, espeeially if the whole household 

of tho new daiigi-rs attendant upon the dosing of tho 

iverflows, T)ies(! dangers aim small us compared with tlioso 

likuly til uriAi- fnmi the inln>duction of sewer gus into the 

jnae. 

Vn ttie host water-eliMetfl in tho market, the weak plaee is 
neraUy found in the overflow. Were it not for their over- 
\, aome of these would be absolutely impregnable to sewer 
I under the heaviest pressures. Slight as the danger is 
pm tliis source in good wAter<'loseta, and mnall us is the- rrsk 
s wlit^ro the pbniibing is honestly and intelligently done, 
jitrik it is poiMible to arrange the plumbing; work so that an 
Kipo of sewer gas into the house cannot take place tiirough 
I orerflovra, at luast. The plan is this : Make all overflows 
Bleui by tlieniaclvcs, allowing none to enter the soil pi]>u or 
I bnuicliPK Into tim overflow system take aW thu safe 
^ which are all brouglit to^-thcr and run into the evllar 
fttoniK convenient point whens they can W allowed to empty 
9 a tank holding from, nay, 10 to 20 gallon!*. In oaso any 
■ luisin runs over. Ilio water at onee finds its way to the 
in the baseniiint or cellar. Here is, of course, perfect 
Btjr, ao f or us immunity from returning gases is concerned. 
It nre mtnvi utlior precautions, however, to bo taken. Tho 
J of the waste water nnii»t ho so locutt-d that when running 
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the noise shall be lieard, or attract attention in some way. The 

1^ water may in some cases be arranged so as to flow directly into 

^l/j^ ^ the street, and thus escape the necessity of a sewer connection 

. ' \ ^ f^r the ov^erflow pipes witliin the house. "Where the tank is 

^^ located within the cellar, it can be connected with the soil pipe 

-7^0^- by means of a pipe closed by a cock. This should be arranged 

-' *' * by means of a float, so that the cock will be opened before the 

tank is full, and closed when it is empty or nearly so. Thus 

the sewer connection is entirely cut off, while at the same time 

the overflow water has a free escape. AVith a house thus 

arranged several things are possible which could not be 

obtained by the ordinary system. For example, if it is desired 

to leave the fixtures unused for any length of time, we can put 

in all the plugs in basins, sinks and tubs, and thus entirely 

exclude sewer gas, while no risk of overflowing is incurred. 

From water-closets provided with tight-seating valves, there is 

• no danger save from the overflows which are sealed with water 

only, and where these overflows are arranged in the manner we 

have described, a house with such fixtures is safe for any 

length of time. Neither the breaking of seals by pressure nor 

their evaporation would cause any leakage of gas, the sewer 

being entirely cut off from the house. 

Automatic In somc very costly work I have seen arrangements for auto- 

Mfeondovo^i. matically flushing the safe wastes. They are supplied with 

flowwastea ^^..^^^j. ^y ^ gervicc-pipc branch, and in the case of water-closets 

the opening of the valve allows a quantity of water to pass into 

,,,'/ the safe and thence into the safe wtiste. This seems to me a 

*^ • ( clumsy method of accomplishing what should never be neces- 

y^K^-iM^*^ ' sary. Tlie overflow and safe waste are only provided to guard 

against accidents, and the water passing through them can be 
easily disposed of without giving these pipes a direct connec- 
tion with the sewer. 

A line of soil pipe extending up through a house should, if 
possible, be so placed as to be easily accessible on all sides. 
This is a matter for the architect to look after. A very common 
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■ .iclice is to set tiifiii ill niclna, or rewsecs, bnilt in tlio wiilli'. 
I'lliia flomo jjliiiiihurs make no iibjcotioii ; but a miijorlty nf B<'"iairi>ipe- 
■'.<mi wlio btliuvu in doiiig good work, itiid know how to do it, 

'•iidutnn tlti.t disiwmtiun of the \»\ivs in mnneiisured teriiiR. 
llio plan ift object ionnblc in somo reNjM.'Rtn, though not so had 
- iif alTord any excuse for sKivenly workmanship on the part 
'' the plnuih(<r. When soil pipes are placed in recesses, it is 
J 'iierally diiScuU to make gfMxl joints in them, though not 

■ n I ]>oswit)lc unless the space is very narrow and the pipe so 
■.i"-'^ its to nearly or quite fill it. There is usually insufficient Diffleuiw 

M'ln for tho use of tho cidking iron and mallet, and the 
I'liiiuljcr IS therefore coniptdled \o prox'ide himself with sjieoiul 

i.ils when he undertakes a job of this kind. When the pipe 
I. IS to be put up in lengths, and joints made after the lino is 
-' t in poi^tiun, the careless plnmhor will usually content hini- 

' if with ninnin>i; in hot tend and leaving it as it cools. One An oipeHKnt 
jiluinher of my actjiiaintuncc. who is both ingenious and mnicfaei. 

■ I'liiesI, gi'ts over the diffii-ntty by leaving a lower joint, open ^ / 
iiiitil the rest are done, which enables him to tuni the whole 

• around and calk all sides equally. The plan is a good 
!, but architects cannot expect that plumbers will generally 
B this trouble. 

Jiothor and scrioUB "bjeclion to this mclhod of disposing of mpuriuiM 
t ytwtc pi[H?fl of houses, is found in the difficulty usually ^pctH. 
(cricnccd in getting access to them when they need repair. 
i amount of space saved inside a building by such a disposi- 
i of tho waste pipes is of no consequence to anybody. An 
bitect who has any resources can always make provision in 
s for the pipe system, without disfiguring any apartment 
KMcriiicing a square incli of space available for any other- 

The pipes should ho concealed by movable screens or"™""" 

I* of some sort, and should be accesaihie throughout their 

« length. To ImiM them into walls, and especially to 

rer them over with lath and plaster, so that they cannot pos- 

r he inspected without breaking through the walls, is not 
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good practice. The disposition made of them must, of course, 

Di«po«itionof depend upon the cliaracter of tlie building, its interior arrange- 

ontonpian ment and the shape and ornamentation of the rooms. The 

problem is one which the architect must solve by the aid of a 

little common sense. As the soil and service pipes are usually 

carried up side by side, the position selected for them should 

be one in which tliere is least danger from frost in cold 

weather. Obviously, this will not bo against the outside wall 

Protection of the building. A sheltered comer in which they would be 

beyond the reach of frost, or an angle of the central partitions, 

can easily be found in any house which is not planned with an 

utter disregard of the fact that it is ever to be drained. 

In good plumbing practice the soil pipe is always larger than 
Main wastes its largest branch. In common work we often find them the 

should be 

larger than sauic sizc. When tlio brauchcs connecting water-closets with 
the soil pipe are 4 inches in diameter, the soil pipe should be 
at least 5 inches. For this there are two good reasons. Any- 
thing which is forced out of the closet traps should paas easily 
through the soil pipe, or we are liable to have obstructions at 
points beyond reach ; and the soil pipe should be so large that 
it cannot run full under ordinary circumstances, even when we 
have water simultaneously discharged into it from several 
branches. The force of this second reason will be shown in 
the remarks on the syphoning of seals in the succeeding 
chapter. 

An iron soil pipe should not be too light. In much of the 

Hoary pipe clicap work of the time the pipe used is lighter than it should 
' be. I have seen pipe set up in houses which, tested with calli- 
p3rs, I have found to be not more than one-eighth of an inch 
thick. The objections to this kind of pipe are numerous and 
Objections to important. It does not possess the requisite strength ; it is too 
quickly eaten through by rust, and it is very apt to have sand 
holes and other imperfections which, for a time, may afford an 
easy outlet for the gases of the sewer. The difference in cost 
between light pipe and that of suitable thickness (a quarter of 
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an ianh for jtrinie liontu^s, and tlirec-oLailitlis and npwiini 
where ihvn is a long liito of lai^e sixu tw accoinnioiiato u ooii- 
■ (iwiiifi ontflow of CDiitiidorable voliimn). is mit pronr eiioiigli to 
u.ike tliif ecoiiDiny prutitublu. Jii arelulecto" spepificatinnfi we 
->-l(li>iu litiii a»iiitaliIo wuiglir, of iron pipe callod for. Coiibo- 
<|iinml7- tlie iirincipal demand is for very cheap and light 
pi|MK. As iiuido tliey are as hard an cliilled iran — owing to tho 
iict Uiat ther are east bo thin— and ahont as hrittlo bikI dltflt'ult 
cut as glaws. If dropped thoy eniek or broiik, and ar-^ 
Bttcrly iintniftworthyat all times. In nmeli of the clieap work 
f tho tim« w« find 4-iii(?li irun pipt-s used whieli average abmit 
i;iht jHiundAto the foot In good work +-in(!li iron pi|)e9<ilimild wsigbiof 
<■ at h^ast rif 12 piiiinil^ wi^igbt lo ihc font. I know of one «»o>iwork 
irge public hnUding in New York in which a lO-ineh pipe 
. I'ighing 45 poiinda to Hio foot is used, 

Thns far I have considered only vertical linos of Hoii pipe, 
ritb thi-'ir branches. In planning n dmiiiage system for a 
liouMi wliidi was to he made iw perfect aa possible without 
ltd to cost, I lihoiiM bwve separate lines of soil pijic for 
sli floor. I liavo known instances in wliieh every waste pipe soupi|Mii 
in lh« house was carried separately to the main waste in the "** 
cellar, and each was separately ventilated alwvo the roof. This 
pUii has the advantage of confining cibstnictions to the pipes in 
which they oeeiir, without interfering with any of the others ; 
but it involves extrn exiKsnse, and cunnot be eonsiderud indis- 
pL-osable to good drainage in average houses. 

In sower-drained dwellings it is usnally necessary to give tbc 
■^iiil pipe nearly a quarter turn bend below all tho Iionso con- eiukHu 
Tii-cliorw in order to reach tho sewer, as kitchens, bath rooms "o^„e^. 
and wntitr-closetn are commonly in tho roar apartments, whilo 
the m-wem are under the strcetw npon which tho Iioubos face. 
Thi> pipe must, tlierefon.', be carried along the ocllar wall or 
undttr the cellar floor. Tin; former is prcfcrablu when practi- 
cable f hat In vrlut axa known as English hasement bouses, ill 
iUve\ with the collar, tiic pipe wW 
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receives the kitchen drainage must be laid in a trench under 
ground. Sometimes this section of the main waste pipe is 
made of a different material from the vertical line, usually 
because a cheaper one than iron can be had. This is an econ- 
omy which does not pay in the end. 

Under all circumstances I should recommend carrying the 
oontinuoBs iron soil pipe all the way to the sewer, and in the best work of 

iron pipes 

preferable, the time this plan is followed. I have never seen a house 
drain built of stone, brick or wood, and rarely one built of 
earthen pipes with cement joints, which I should be willing to 

stone draiM. Hve over. ^ Stone drains, having rough inside surfaces, cannot 
be effectively flushed, and become coated throughout with foul 
deposits, offensive and dangerous in their rapid decomposition. 

Brick drains. Brick drains, as usually built, have this same objection, 
together with the liability of all but exceptionally good bricks 
to disintegrate when buried and kept constantly wet. Even 
when highly vitrified and laid with hydraulic cement, their 
rough surfaces and the perviousness of their joints to water are 
objections which should exclude them from use for this pur- 
TUe draina. pose. Earthen pipes, even when well glazed, cannot be 
depended upon when laid in cellars, for the reason that the best 
cement joints are pervious to water, which carries with it 
organic matter to lodge and decompose in the pores of the 
Wooden pipe and its joints. Wooden drains usually leak and always 
*" rot very rapidly. Wlien made of plank, they cannot be given 
a shape favorable to effective cleansing. If set with the flat 
side down, the scouring power of the water flowing through 
them is reduced in proportion to the surface covered by it and 
the resistance it encounters from friction. If set cornerwise a 
better result is obtained, but the bottom of the V ^s liable, in 
the case of a house drain, to become tilled with solid matter 
which resists the efforts of the water to carry it away. The 
next best thing to iron pipe is glazed Scotch drain pipe joined 
with Portland cement, but iron is so much better than any 
substitute yet found for it, that it should, I think, always be 
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dnsivclr need in the drainngp of city Iioases. Tlic difF^ireiit 
npfojed in the drainage of country houseg, generally 
Btdcr llie nge of earlhen pii«8 desirable and economical, 
80!! pipes carried tlirougli cellars should hnvu a coiktiiinoiia 
ipport. If conducted along a cellar wall, which is the hesl 
ictice under favorable conditions, they should be laid upon 
nlves of stout plank, which, in turn, arc held np by suitable 
ickot^. A few pipe hooks will keep them in place, hut 
e should not be trusted to carry the weight of the pipe. If 
1 uudvr H cellar floor, a strip of wood should be placjjd along 
I bottom of tlie trencli, which will give them a uniform 
; to the street. When iron pipe ia used tliia is very 
rable ; with earthen pipe it ia absolutely indifipensable. In 
|[ing a trench it 10 scarcely possible to preserve the grade ko 
trfectly that a pip<.^ cuii be laid in it wltliout sags. These s&ga saci. 

so sliglit, eypecially when tbo grade is easy, that they 

dily escape notice, but they are almost always great enotigli 

9 retard the flow of water and diminish the scouring power. 

I air in the pipe will usually And a lodgment at the higliest AumpUK* 
lriDt« along the line, and when the plpo is trapped near the 
ptnuwo to the sewer (as I think it never should be), these 
mmalations of air are likely to offer a very cifective resiet- 
e to the passage of water. With u very steep grade slight 
I do not usually give trouble, but it is desirable to avoid 
(in in bouse ilrains. A tendency to sag may break nr loosen BiwiroD jmrn 
t joint and cause a leak whlcli, if under ground, may escape 
ilice until ruany cubic yards of soil are saturated with foul 
Cor, and a imieanco is created which can only bo abated by 
sarating tlic place and fliting in with fresh earth. 
[ Sections of soil pipe carried under houses should have all the Amounim 
81 which can be conveniently given them. Nothing is gained 
""wic! nothing saved by flattening the grade. If a pipe is carried 
along a side wall, an ample fall can always be secured ; when 
laid under the cellar floor, it should buve all the fall possible, 
Liriticli is not always as much as would be desirable. The aim 
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of the architect sliould be to give that portion of a soil pipe 

- Vv^i^^ ' which deflects from the perpendicular as steep a descent as 

^v^aA^ * possible. A pipe cannot be too completely scoared by the 

water passing through it. 

The opening in the foundation wall of a house for the soil 
pipMcarHed pipe to pass tlirougli should always be enough larger than the 
(UtionB. outside diameter of the pipe to allow the walls to settle with- 
out crushing or deflecting it. When this precaution is neg- 
lected, the pipe is liable to be broken or disjointed by the set- 
tling of the foundations, allowing the sewage to escape and 
practureof work its way back into the cellar. I know an instance in which 

plpo/i from 

aettiinff of a pipe wofl tlius broken, and the owner of the house, ignorant 
or careless of the fact, neglected the necessary repairs until sick- 
ness made its appearance in the family, when his physician, a 
very practical man who liked to know the reasons for things, 
made an inspection on his own account and discovered the 
source of the mischief. 

So far as this part of the subject is concerned, it only remains 
for me to urge upon those connected with the building trades, 
and upon physicians, house owners and tenants, the vital im- 
aoodwork- portaucc of good workmanship in all departments of plumbing 
work related to or connected with house drainage. In this 
chapter and the chapter following on Traps and Seals (to which 
I refer the casual reader), I have endeavored to embody such 
plain directions concerning waste and soil pipes as I have con- 
sidered necessary to give a person of average intelligence an 
idea of the conditions under which it is possible to secure im- 

Dangerof munity from dangers that, in cheaply piped houses, are almost 
^la^f house ccrtaiu to attend the opening of connections with the sewers. 

*^~**"*'*' Without going into details of interest only to plumbers, who 
ought to be familiar with them, I have endeavored to describe 
the means by which a line of soil pipe can be put up so as to 
be securely held in place and have tight joints and connections 
throughout. There are, doubtless, other ways of accomplishing 
the ends sought, but I know of none better or more certain 
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under all circumstances than those of which I have spoken. 
During the past few years I have inspected much of the best 
plumbing work of the time, and a great deal of work which 
was not good at all, and the conclusion I have reached is that 
when sewer gas finds its way into a house through the soil and 
waste pipes, the fault lies somewhere between the architect, the 
builder and the plumber. In any case it is without excuse. I 
know that houses can be drained into sewers — and even into nesponiibni 
foul and unventilated sewers — without bringing sewer gas into gaspouKmms 
them. The existence of foul sewers is in itself a perpetual 
danger to the public health, but there is no reason why wo 
should bring that danger into our houses by providing clian- 
nels through which the poisonous air of the sewer can find a 
means of ingress. I know of houses into which no sewer gas immunity 
ever comes — unless, possibly, through the windows, borne in ^***^^ 
with air of the street — and I have no hesitation in saying tliat, 
when the tenants of houses demand immunity from the dangers 
of unhealthful conditions, architects and builders will find a 
means of correcting the evils now complained of as practically 
irremediable. Sanitary reform in cities only waits until those 
to be benefited by it shall demand it. 



CHAPTER IV. 

Teaps ANT) Seals, and the Ventilation of Waste Pipes. 

The importance of trapping all waste pipes, and of maintain- 
T-rapn In ing in every trap a seal of water, is probably better understood 
* and appreciated than any other essential of safety in the drain- 
age of houses. There is, howev^er, a great deal to be said con- 
cerning traps and seals which, if known and applied in plumb- 
ing practice, would have a most important influence upon the 
public liealth. 
Too much The service expected of water seals in traps of every form is 
of traps, usually much greater than they are capable of performing. For 
this reason undue reliance is placed upon them. Those who 
suppose that a small quantity of water held in a bend of a 
waste pipe is alone snfficient to prevent an inflow of sewer 
gas through that pipe, know very little about either water or 
sewer g is. We can only accomplish this most desirable result 
The security wlicu wc afford the sewer gas an easier means of escape than it 
'pend^n^ton Ands tlirougli the water in traps, by ventilating the soil pipe and 
ventilation, j^ branches. In common work the waste-pipe system usually 
ends in the highest water-closet or wash basin in the house. To 
prevent the escape of gases generated in the sewer, and which 
naturally And their way into the pipes under certain conditions 
to be noticed further on, dependence is placed upon the water 
Popular er scals in the waste-pipe traps — the common argument being 

ror3ro3pect- , /• i i • i 

Ing water tliat, as the express purpose or the seal is to prevent the escape 
of poisonous gases and foul odors, other means to this end will 
be superfluous. This argument is based upon an evident mis. 
undei-standing of the conditions which exist in sewers. In New 
York, for example, there are periods, often of several weeks' 
Dnvcntuated duratiou, wlieu the sewers are absolutely without ventilation, 
and when tlie only escape for gases generated therein, often held 
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Dtidcr i!OiisiderablD pressure, is through soil and waste pipw. 
tlort!. US iu most American cities, the chief depeiidenee f or ''"">ii=''»- 
i<-wfr vvutiltttioii is iipun perforations in the manhole covufp. 
These arc better than no openings at all, when they are open. 
!mt they are very liahle — certain, indeed — to become ehoked 
with mud and dust during much of the time; and from theitudud 
fiiM heavy snowfall of winter until spring — with, perhaps, a, [,eDig. 
few Iirief intervals of general tiiaw — they are as effectually 
Hnsed liy ice and snow as they would lie if covered over with 
the pcnnancnt pavement of the street. The culverts at the 
ctroet coniors are of course trapped, and during the winter 
x-wun tliey are likely to remain effectiiully sealed. The mouths tm« water 
<ii the sewers are, as the rule, so placed as to lie completely eub- 
mcrjj^d at high tide, at which times the river water forces ita 
way up into them for a considerable distance, compressing the 
air rontincd witliin in proportion to the resistance offered at the 
various outlets by which it seeks to escape. To increase this 
pressure wo have still another active agent — heat. In cold or 
^jkwl weather the temperature of tlic air iu sewers is consideru- Ej^miioun 
)f iibovo th.it of the outer air. We are eontinnally pouring nynpiHt. 
j«t floods of hot water into them, at temperatures ranging 
' to mo" Falif. It is not unusual to allow etcani 
B to exhaust into them, and, as showing that the teniper- 
B of the confined air of sewere is not low enough in aver- 
Bwestherto condense steam, I may instauce what may hcTemmratnn 
9 any dny in the etroets of New York — the escape of steam, " """'"'* 
J a hot vapor, frtmi the perforations in manhole covers in 
T puff* ropresponding to the piston strokeit of an engine 
Aaotue neiji^hboriug building. In one way or another we im- 
t considerable heat to our sewage be^des that gcnornted in 
B process of decomposition. In very warm weather the tern- «»«< ■>' 

;nre of the outside air is usually higher thiui that of the Mmpiintura 
r in Mwcre ; and, so far as unsealing tru]>s is concerned, a dif- upua itap*, 

t [» the temix-rature of the air inside and outsiile a sewer 
4lciir1j as effective one way as the other. A simple experiment, 



66 TRAPS, BEAL8 AND VENTS. 

described by Latham, will serve to show how such differences 

of temperature will affect the security of a water seal in a trap. 

^^J^J^^J^JJJJ vn In the illustration marked Fig. 1, is shown a 

*^^ rir^ y g^^^ ^SLsk with a bent glass tube inserted in the 

I I cork, the bend forming a trap which is filled 

^Jf with water. If tlie hand is placed on the flask, 

its warmth is sufficient to so expand the air 

within that enough of the water in the bend of 

1^ the tube is driven out to leave the trap unsealed. 

Ill ^y partly immersing the flask in cold water, the 

J|7 air within it is so contracted in volume that the 

Tig.x. pressure of the outside air forces the water in 

the tube into the flask, also effectually and promptly unsealing 

^ it. The air in the waste pipes of an occupied house is daily 

subjected to frequent expansions and contractions, which may, 

Dnseaung and oftcu do, uuscal traps. Under these conditions it is readily 

traps. 

seen that when the mouths and manhole ventilators of our 
sewers are closed, any increase in the volume or temperature of 
the flow will cause the confined air to struggle for a means of 
i*rewire. escapc, wliich it usually finds at some trap. It will do this just 
so soon as the pressure equals that of the column of water in 
the trap. 
Resistance To displace a seal altogether, no very great force is necessary. 
° pressure. A scal 3 inchcs deep offers a resistance to the passage of air 
equal only to a pressure of two ounces per square inch. With 
adequate ventilation of the soil pipe, the pressure upon waste- 
pipe traps is relieved, and there is little danger of sewer gas find- 
Beneflts of ing its way into a house when such ventilation is provided — 
for waste presummg, of course, that the plum bmg work is judiciously 
^ ^** planned and properly executed in other respects. 

To the pressure within the sewers, tending to displace the 

Draught water seals of un ventilated waste-pipe systems and to force 

sewer gas into our dwellings, we must add what is commonly 

called the " suction " of the house. During much of the year, 

and especially during the season when we live with closed win- 
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B and ilonrs and depend on tires, tlierc is a constant nntflow 
I Uio house throngli the cliiinncys, producing a partial ^^ 
Hum wliicli varits greatly under difiercnt circuint-tances. In "oh. 

s it iit L'nougli to (-aiise !i great deal of air to enter by a 

F Binalt opetiiiig, and wlien doors and windows are carefully 

i with liet and weatlicr strips, the draft npon the traps 

i very eonBidcmble. Were the traps empty tliere would 

I »trong and steady inflt>w of air throngh the pipes; and 

1 they are sealed the "suction," as it is called, very effee- 

lUy snpplement^ the pressnre rosultlng from the causes already 



I trapping pipl^8 there is & good chance for the unskillfnl 

uber to defeat the end he Bceks to acconiplish. My atten- i>sfc«i™ 

s was lately railed to the house of a friend in which the 

int, depressing odor always noticeable in the hath room and 

Bjoining apartments revealed tJie presonpc of sewer gas. A 

mgh examination of the plumbing work showed certain EumpiMo 

rta only too fret^uently met with in hadly piped houses. In uuuiiip. 

batit room them was a tub. water-closet and wash Itasin, after 

t Qsnal practice, hnt the hath and basin wastes were con- 

1 into the soil-pipe branch below the water-closet trap. 

3 pipes were trapped, but the bath overflow was not, and 

I this the sower gaa fonnd easy access. Stopping tho 

hforflow remedied the difficulty in part, but not wholly, as tho 

me emell was noticed until the waBte-])ipe system of the honeo 

K tlioronghly ventilated. Had all the pipes Iwen trapped and 

wry trap been full of water, the house would not have been 

Mfe one to livo in until their ventilation had been [)rovided 

In another instance, when inspecting an extensive pipe 

im In a large hotel in a Western city, I found that an 

npt had been made to form a stench trap in every waste 

w, but in a great many instances the pipe had been l>ent at 

Ich an angle tliat tlie water held in the bends would barely 

nku h deal, while others were so long and so nearly liorizontal 

tat the foree of the water coming down the pipe would, in all 



68 TRAPS, SEALS AND VENTS. 

probability, caiTy it iiast the bend and leave the traps unsealed. 
Evidently tlie traps were liomc made, as no two were alike and 
not half of them were well made. It may be assumed that no 
trap can be so sealed with water as to offer an efEeetive barrier 
to the passage of gases lield in an unventilated waste pipe, 
whether under pressure or not. 

As further illustrating the importance of ventilating the 
waste-pipe system of a house, I may mention a pJienonienon 
whicli has surprised a great many people, practical plumbers 
iR included. It sometimes happens that traps which are to all 
g. ai)pearaDCe pro[Mirly set, so nearly empty themselves as to afiord 
a free passage for air through them. This may occur in several 
ways. For example, if we have a quantity of waterthrown into 
•■ the trap so great as to fill the body of the pipe for a distance 
greater than the vertical hight of the column of water in the 
trap, it will be quickly unsealed. This action is easily 
explained, since it is only a syphon in a slightly modified form. 
When we take a tube bent into the shape of the letter U, fill 
>" it with water and invert it, there is no tendency on the i>art of 
the water contained in it to run from one end of the tube or 
syphon more than from the other, so long as the two legs are of 
equal length. The liquid in both 
legs may be said to be pulling down- 
ward and tending to form a vacuum 
at the higliest point of the berd ; be- 
ing of equal weight they balance each 
other. If wc lengthen one of these 
legs, the water in the long leg will 
be heavier than that in the short 
leg, and will run out, while atmos- 
2 pressure will force the water 
short leg up to the top and 
the tube. Now, if the short 
end of the syphon be dipped in a 
vessel containing water, as shown in Fig. 2, tlie well-known 
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lion will take place of emptying the vessel by syplioiiriig. 
\i>plying tliiB illustration to the arrangement of waste 
pipes otid traps eliowii in Fig. 3. wo fiiij that if tlic^'™'' 
rt'jw of wTiter, eolicl matter, paper or anything of the sort'""" 
^mtti tlio wfiiter-cioset S is great enough to lill tlie pipe «, we 
^^bre a column of water tlowiiig down which is heavier tlmn 
^Hftt ill e, &nil tending to form a rncnnin above it in tho main 
^^tpe. Cnnseqnently, tho watei- in c and '/ will be f<.irccd over 
iro the pipe a by iho 
' iiimpUeric pressure, Xot 
■:ily will this happt;n irj f 
:!iir tnip /, but ut tliu L 
lino time, if thore is ;i 
iiiavy flow tif water down 
Ii ■ »iiil pipa II, as from 
til-- lialh tnb k, and no 
viintiktion, tho traps y 
and A may be partly em)v 
liod, leaving a free piip-^- 
iiu'e for fonl air from tin.' \ 
■■wur until they are sigiiiii *" 
lilk'd. The emptying' of 
traps may also oi^cnr from 
Uiu cruation of a vacuum 
in a Klil-pipe branch, as at 
(', by water, as from d, (low- 
ing past, ilie viritiou at which 
it diseliiirges. ( 

In till! drawing tnnrke<l 
Fig. 4. I liavo elio^ini n» ar- 
rangement of the soil pipe 
and itti principal brandies which I consider free from any snch 
ohjections. It of course admits of such extension aa may bo Amn* 
necessary to adapt it to tlie various stvloa of architecture em-p,per, 
■^^ycd in cities. In this arrangement the soil y>}\)c a is carried 



^3 



fe 



7 



1 



T=f 



TKAF8, BEAL9 ANH VENTS. 71 

! 'iglit from tlic eewer lo the pcjini; at wliicli it takes the upward 
' U'l. Tliia section is of tlie aamo material as tlie vertical line, n 
uiJ is wiihout a trap at any pamt. From the Itcnd in tlie cellar « 
it is carried vertically np to and through the roof, terminating in 
areutilating cap. This is no doubt unnccesMuy, but when the t 
pipe is not Wut over, eoinu form of cap is commonly used for,t 
thv pur]KMe of keeping the wind and niiu out. To leave the 
pip^! open Jil tic top uiigwers every purpo&e. Parallel witli the 
noil pipe, id*) following it to the roof, is a ventilating pipe, i, 
which cijnnecfs with every trap in the branch wastes and vonti- 
lales each one independently of the ventilation secured through ai 
Uie eoil pipe. This pipe fi, for the independent ventilation ofu, 
traps, is seldom introduced, except in the very best class of 
work, bnt aa it entails tittle increased expense, I should recom- 
mend its employment in every case. 

It will not do to place too mnch dependence upon the venti- 
lation of the soil pipe alone to prevent the emptying of waste 
pipe traps. It often happens that the wuste pipes of wash g^ 
basins placed at a distance from the soil pipe, syphon their |^ 
lr*pB even when the latter is ventilated. In such cases the " 
wai^tes of basins, sinks or closets remote from the soil pipe, 
aliould t)e carried np to and through the roof. This is the 
easiest and surest way to secure good ventilation, and when such 
ventilation is neglected we usually have trouble from "thevr 
nmell of the sewers,"' even though the main wastes into wliicli w 
tkefie branches discharge are ventilated. When this precaution 
is neglected, tlie traps in these long branch wastes are very 
iinble U> bo nneealed by syphoning. The pipe usually has a 
cajMicity for discharging more water than can flow into it, and 
the rapid downward current makes a partial vacuum whieli vi 
often causes tlie air to draw down tlirough a considerable body t>] 
of water to fill it. Every one has noticed, in emptying a batli " 
tnh or wash basin, that air is sometimes sucked into the waste 
pipe with a roar long before the tub or basin is empty. The 
s place after the water has all run into the pipe. 
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The rapid outflow creates a partial vacuum, which is more 
easily filled by an air current moving with the water than by 
one flowing against it, and the air rushing down the pipe will 
often displace the seal in the trap, leaving it open, though per- 
haps not quite empty. Ventilating the soil pipe will do much 
Nounren-to protcct waste-pipc seals, but no trap is absolutely secure 
saf^ against being unsealed by the several causes mentioned, unless 
separately ventilated as shown in Fig. 4. When this is done, 
the syphoning of seals in traps is an impossibility. 

The absence in Fig. 4 of any trap in the main waste or soil 

Traps In pipe will, uo doubt, surprise a good many readers. In common 
practice this pipe is often trapped just inside the cellar wall, 
the idea being that sewer gas should be prevented from 
entering the house drain at all, and that a running trap will 
accomplish this object. In my judgment such a trap does 
Objections, vastly morc harm than good. It is very liable to become 
choked by accumulations of solid matter, and unless well pro- 
tected its seal may freeze in very cold weather, which is a 
troublesome matter. The most serious objection to it, however, 
lies in the fact that it detracts from the efficiency of any 
arrangements which may be made for ventilating the soil pipe. 
AYhen we trap this pipe at any point we immediately close it 
against the passage of air currents, and the pipe above and 
below the trap is filled with what is known among plumbers as 

Blowing " dead air." AVhen there is a copious dash of water down the 
throujfh seals pjp^^ .^g y;]\Qn a pail of suds is thrown into a slop hopper or 

water-closet on one of the upper floors, the stagnant foul air in 
the pipe must be displaced. The resistance offered at the trap 
in the soil pipe will generally be greater, owing to the larger 
body of water held in it, than at one of the traps in the lower 
branches, and the displaced air is very likely to blow through 
one or morc of these. 

It should be remembered that the most important of the 
ends sought by ventilation is the establishment of a free com- 
munication between the sewer and the outer air. When the 
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mre upon the air confined in the sewer is increased from h 
», it should Iiave an ontflow through evory house drain, lo 
lien from any canso a partial vacuum is created in the eewt-r, 
fciy Iionse drain should be an inlet for air. In other words, 
} kIiodIiI allow the eewera to "breathe" throngli the main 
rtc pipe of every honee, besides giving thora as many breatli- 
I lioles in luldition m can be provided. When every branch "' 
B pipe is trapped, and eapeeially if every trap ia ventilated n 
kown in Fig. +, this inflow and outflow of air tlirough the ii, 
9 nf a house iH attended witti absolute immunity from p, 
rnicnce or danger to health, provided the j(»inting is 
■operly done. There is no pressure of foul air upon ihe 
I, hut little cliantM for water seals to absorb foul gases, and 
Bo'at all for Iho unsealing of traps by blowing out or syphon- 
j out. With such an arrangement we liave nothing to fear K' 
r regards the security of water seals except evaporation, and id 
this is oHfiily guarded against. Should a seal be allowed to dry 
U mu however, the danger of atmospheric pollution is much 
I^Hpnood by the double ventilation described. 
^^^Ht i* probable tliat many practical plumbers will consider the m 
^^^■ependent ventilatjun of traps unneeessarj'. I have seen to 
^^^■ny very eatisfactor}' jobs of plumbing in which it was omit- 
^^B, but for the reasons already set forth it is certainly desira- 
^^fe if not essential. Sewer gas is a subtle enemy to healtb 
scattering broadcast the germs of fever and the seeds of infer 
tiun, and when we undertake to securely intrench ourselves 
jktlHrt its attacks we cannot afford to neglect any precautions 
[safety to save the cost of a few pounds of lead pipe or a few 
It for ndditional labor. 
Tier* there is no danger of an escape of sewer gas to lie 
rehended, the ventilation of the waste-pipe system of a 
i would be necessary to prevent the rapid corrosion of lead 
The points at which lead wastes soonest wear out and 
pn to leak are the points at whicJi. in the absence of ventila- 
1, the lij-hter gases from the sewer would naturally nccumu- 
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late. I find this is the usual experience of plumbers in this 
country, and the same phenomenon seems to have attracted 
attention abroad. At a meeting of the Society of Medical 
Officers of Health in London, held a short time previous to 
this writing, Dr. Andrew Fergus, President of the Faculty of 
Physicians and Surgeons of Glasgow, stated that while the 
water supply of that city, drawn from Loch Katrine, was so 
pure in itself and so distributed as to preclude the possibility of 
Typhoid excremental pollution, typhoid fever had increased to a startling 
GiMgow. extent, and as the cause of this disease must be sought either in 
polluted water or in air poisoned by the gaseous products of 
decomposition, it was a safe conclusion that the latter was the 
cause of the trouble in Glasgow. Reciting many remarkable 
facts in connection with cases of typhoid fever and diphtheria 
Bzunpifls which had come under his notice, he showed several pieces of 

of Internal 4 * •* ^ t » •! i».ii • • 

corrosion of 4-mcn lead pipe curiously perforated by corrosion commencing 
•ewwgM^ fi'om within, and which could only have been caused by the 
action of sewer gas. These perforations had admitted sewer 
gas into the houses in which mysterious cases of typhoid and 
diphtheria had occurred ; and as similar perforations were not 
found in such portions of the pipes as were at any time charged 
with liquid, they were not betrayed by the leakage of water. 
Dr. Fergus further ^id he had found that such pipes as 
were freely open to the sky by an upcast shaft, remained sound 
nearly twice as long as those in which there was no effective 
ventilation, but he did not think that a lead soil pipe exposed 
to tlie action of sewer gas could be depended upon as sound for 
longer than 10 or 12 years. He also asserted, as the result 
of careful and intelligent observation, that the usual method of 
depending upon water seals in traps allowed sewer gas to dif- 
sewergaa fusc itsclf througli a hoiisc '' by a process of soakage," and that 

water seals, ill from half an hour to two hours the foul gases of the sewer 
and house drain would have saturated a seal, and thenceforth be 
freely emitted into the house. Other eminent and experienced 
physicians stated that they had reached the same conclusions 
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otwervatiiina made in London and other British cities, 
>ving that the rapid corrosion and perforation of unventilatod 
pipes ia a matter of common experience on both sides of 
oceau One of tlic many cxaniplce of tlie corrosion of lead 
pipe wUich I have seen came to my notice quite recently, and 
is eepecially interesting as showin;^ Iiow the defective drainage 
i.f one honse may affect the healthfulncBB of another. I was 
0{)ueu1ted as to the cause of a vciy strong smell of sever gas in c 
the well-appointed residence of a gentleman of wealth, on one 
of tlic tinost avenues of New York. This smell was chiefly i 
iticeahle in a passage connecting the front and back bedrooms 
of the upper floors. A careful infijiection of the plumb- 
ing work of the house was mado without discovering any seri- 
ous defect. The bath room, water-closets, wash basins, &c., 
were »n on the north side of the house, wliile the offensive 
•melt was conKned to a passageway on tlie soutii side, and this 
not supplied with water. The tirst conclusion was that the 
■er gas escaped from some defect in one of the pijws on the 
otlier side uf tlio lionse, and passing under tlie flour found a 
means of escape through a crwik iu the passageway floor. A 
further c.\amiiiatiun showed that this was not the case, and it 
Ihen became evident that the cause of the trouble was outside 
of the house. Au examination of the adjoining building was 
then made, and tlic source of the trouble was easily found. 
10 lead soil pipe^ which was carried up against tlic party-wall, 
:t«ndcd a few inches above the branch connecting it with tlie 
Btory water-closet, and was closed by means of a lead cap 
ildored on. From the cap down, for 12 or 15 inches, the pipe 
completely honeycombed. There were countless holes in 
from llio size of a pin point to an eighth of an incli in diara- 
ir, and tlio shell waj^ so thin and rotten that it could be rcad- 
ty cruslied between the Angers. From the holes in the pipe, 
'which was wholly nnventilated, sewer gas had freely escaped, 
had found its way into the adjoining house through the 
luiclc wall. The damaged pipc^which bad clearly been cor- 
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roded by sewer gas alone, as no water had ever come into it — 
was repaired and the nuisance ceased. Those in the house in 
which the corroded pipe was found claimed to have suffered no 
inconvenience from the smell, which one would naturally sup- 
pose would have been intolerable to a person with an ordinarily 
sensitive nose, while in the adjoining house it was a constant 
annoyance. 
Dangers As already stated, water seals in traps are liable to two dan- 
a<» water gcrs wliich arc commonly overlooked, but either of which, in the 
seals In traps, ajjggj^^*^ ^f abundant ventilation, will wholly destroy their eflS- 
Evaporation. cicncy in u vcry short time. They may be reduced in volume 
by evaporation until a passage is left for air through the traps ; 
Saturation by or cxposcd for cvGii a short time to contact with foul gases 
having no other means of escape, they will absorb and transmit 
Frequent them. Tlic first of tlicsc daugcrs can, as I have said, be guarded 
' against by frequently flushing the pipes. A careful housekeeper 
should see that this is done daily, at least ; and when houses arc 
closed or left in the care of servants during the absence of the 
occupants, provision should always be made for keeping the 
traps filled with clean water. This is commonly neglected, but 
the consequences of such neglect may be the ruin of health or 
the loss of precious lives. The danger of saturation by, and 
transmission of, sewer gas through water seals, is less readily 
apparent and calls for brief explanation. It will be found in 
the chapter on water-closets. Here we will deal only with the 
Absorption fact, wliich is that water standing in the traps of unventilated 
water In wastc pipcs is Constantly absorbing more gas than it can hold, 
traps, j^^j^g before the point of saturation is reached, it begins to give 
off ou one side the gases it takes in on the other. When the 
point of saturation is reached depends somewhat upon circum- 
stances which need not here be taken into account ; but it is a 
fact within the observation of all who have studied the subject 
experimentally, that water exposed to contact with confined 
sewer gas grows fouler and fouler, and never seems to wholly 
lose its capacity for absorbing until it l>ecome8 putrid and de- 
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'tii|>i«i(ioii takes place within it. In an imventilated trap a. 
4ier«*eal cannot remain pure for many hours. It begins to 
i-^>ri> at once, and the length of time required to eo eliarge it 
I it it will Itegiii to give off gases is, prnbably. as stated by Dr. 
• rgns, from lialf an Iionr to two hours, aeconling to the pree- 
irv of the gaeea in the pipe and their foulness. For tliis''»nwBi 
-ipi>n, every waste pipe, even when ventilated, shoukl havo 
i.mgli water passed through It daily to completely replace the 
al in its trap. "Wlien the pipes uje imventilated, it ehould be 
itie very ofttn. 

I>r. Furgiis, whose eminence as a sanitarian justifies the lib- ot, Fetgnav 
:vi reference I have made to his writings, gives, in a eontribu- ouh irop> 
.it> to t\>o San itai-i/ Hecirrd, the results of some interesting J^^"" 
•.pcriinents with traps and seals. He shows that the water 
;il of au ordinary S trap is scarcely to be regarded at all as a 
tnrrior to tlic passage of sewer gas, and that it has the further dis- 
ttagtt of retaining enough decomposing matter to produce 
wftliin (he pipe itself a sufficient amount of sewer gas to accom- 
plish all the evil tliat ifl feared, except such as comes by the 
..11%-eyance from the sewer itself of gases containing the germs 
I (]i£4.'ase originating in other houses, lie made a series of 
\periment8 with a bent tube, its bend being filled with water 
ifter the manner of the usual traj). In the sewer end of the 
tube be inserted a small vessel containing a solution of amrao- 
In fifteen minutes Hie ammonia had passed through the 
of the trap, and had bleached the colored h'tmus paper 
exposed at the house end. In another fsperimcnt he produced 
rapid corrosion of a metal wire exposed at the house end. 
To prove that this transfusion takes place not wttli ammonia n.^. f ^ -i n t 
ine, which is lighter than air, he made the same experiment Zl^" 
Itb snliiliurous acid, sulphuretted hydrogen, chlorine and car- 
Hnnlc acid, all of which were transmitted so as to produce their 
■ Jicmical effect on the other side nf the trap within from one to 
imr honre, lie sayH ; "We arc, therefore, very strongly iu-Roui(«r 
ilined tu beliove the last alternative, naraelv, that iiowevcr'"""^ 
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well drains may be trappad, sower gas will find its way from 
them into our houses, and any one who is acquainted with Gra- 
ham's investigations as to the diffusion of gases, will readily 
understand how this will happen." 
Ventilated The Same experiments were made with a ventilated pipe, 

traps* 

and although the action was slower, it still took place. Tlie 
ventilation was not such as to insure a clear and direct flow of 
air through the pipe; but it was more effective than many 
devices in use, and was considered quite sufficient. 

Concerning the decomposition taking place witliin the trap, 
Dr. Fergus believes that it is almost impossible, even with a 
cojjious flow of water, to cause undecomposed faeces to be dis- 
charged through the bend. With any ordinary flow there is 
only an eddying of the water in the trap, not a sufficient move- 
ment of the whole volume to carry floating matters under the 
i/xitrnentof bend. " Xo mere flow of water will carry out the faeces, which 
3 ntraps. gj^^pjy ^q^^ whirling round in it." Often, with the mistaken 

idea that by adding a few inches to the depth of water in the 
trap an effective resistimce will be opposed to the pressure of 
shauow traps scwcr gas, tlicsc are made quite deej^. Dr. Fergus recommends 
p. era c ^j^^^ ^j^^ ^.^ ^^ bcud sliould bc Only sufficient to secure a seal- 
ing, for the deeper it is made the more complete will be the 
retention of decomposing matters at the house side of the trap. 
Disinfection In vicw of the large amount of water being discharged, he con- 

Impractlcable ••» •. a.* ^^ * 'iix ji* • r i. i. * n* 

siders it practically impossible to use any disinfectant in sum- 
cient proportion and with sufficient regularity to secure a chemi- 
cal disinfection of the suspended organic matters. 

My own observations and exp3riences lead me to conclusions 
which generally accord with tliose expressed by Dr. Fergus ; 
but if I may be permitted to criticise the statements of so emi- 
nent an authority, I will say that he seems to have overlooked 
the fact that, with adequate ventilation, the protection afforded 
Conditions of by a water seal, renewed as often as once a day, is enough to 
^t^%^. pi'ev^ent sewer gas from entering a house through a trapped 
branch waste. I know that such is the fact in this country, and 
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it QOt in Orent Britain it uinst bo l)ecaUHe difffrent methods 
..TV tliere followw! in plumbing houaeo. It will he noticed that 
Ur. Fergina admits tlmt t]io venting of the pipes experimented 
Mtt W&4 not snd] a^ to insure a clear mid direct flow of :iir 
lIiniDgh tLe pipe. Tiiis is the one essential condition of good o«><i TMitii». 
retililation, and with tliis insured n trap with a half-inch seal iraponuL'& 
wliinh cannot be syphoned out may be depended npiin, I 
•«oBld, liowovor. urge the advantage of occasionally^if piwei- 
r, daily — flushing wiLsie pipes from bafiijis, itc., not in coii- 






In n worit of this kind, which deals with principles ratlier 
than with the details nf plumbing practice, it ia scarcely neces- 
Kiry to (leecribe tlie several ft)rms of traps in use. They are of 
two general kiTids — -those sealed by water and those seeded by 
valves. The latter, though somewhat extensively employed in 
foreign plumbing practice, are but little used in this country, 
:ind nev<?r in go<*d work. Some modem varieties are still kept 
f...r sale by dealers in plumlwrs' supplies, but they are not to be 
•k'^wnded npi^n fornso in connection with house draiuuge. In all 
«-ater-fteal trapM the principle is the sainc, whatever their shape, 
namely, a bend in or chamber attached to the pipe filled with 
water, which cuts n£E the passage of air but offers to liquids and 
fit'ini-^oUdii passing down tlie pipe no greater resistance than that 
due to the bend. As regards resistance to t\m pnwire of air or 
gaa, traps are eflicient in proportion to tlie d^j)t^i of seal they 
eonlsuii. Consequently, the volume of water in the trap is of no 



Vt\n trap*. 





mporttnce as affecting the depth of the seal. In the accom- nsptn nf ■ 
e; Hhistratioiis are shown three fomis of traps in c — " '^'" 



Tlie first of the. 



lost commonly employed, is llm S '^ 
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trap (Fig. 5). Tfie secoinl (Fig. C) is a form of trap in general 
use, onibodj-ing the eame 
principle. Fig. 7 is a trap 
of the flat syphon variety, 
. sometimes used, but of very 
limited utility in connection 
with honse drainage. In each 
^8'- of these the distance, A, be- 

tween the dotted liorizoiital lines projected to the right, shows 
the deptli of the seal. Were the form of trap shown in Fig. 5 
changed to the form sliown in Fig. 8, it is obvious that the vol- 
ume of water it holds would be very 
much increased, but the deptli of 
seal and the efficiency of the trap a 
regards resistance to pressure of air 
DipMiii»tin-"'' gases, would remain unclianged. 
■°^.^° f 'i> tl>e other hand, were the trap 

sliown in Fig. 5 changed to that rig.*, 

shown in Fig, fl, we should liave a less volume of water than in 
Fig. 8, but an increased depth of seal. A pressure of air which 
would blow through the seal shown in Fig. 5, would also blow 
through that shown in Fig. 8, but 
a considerably increased pressure 
would be required to blow through 
that shown in Fig. 9. Arguing 
from this fact alone, it would be 
natural to conclude that the 
deeper the seal the safer the trap. 
This is true when we are dealing 
^^- «■ with pressures ; bat there should 

never be a pressure of air, pure or foul, upon a trap seal, and 
there never is when the ventilation shown in Fig. 4 is provided. 
Leaving resistance to pressure out of account, a great depth of 
seal is unnecessary. With adequate ventilation, the service 
which seals are expected to render is limited to closing waste 
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pipes opening into liouscs against a free inflow of air tlirongli 
them. Without x'entilation we Bhould not be safe with trups p 
having a depth of 12 or 15 inches, for while their aeaJs might p 
resist a considerable preasnre (in the case of a 13-iiich seal about 
^ otince« per square incti of eeclional area), they would absorb 
and tnuiHiuit eewer gas as readily, though perhaps not m rap- 
idly, i%» tliose helij in pipea of mudi It-es dip. We must also a 
consider the resistance to flow offered by a trap of any form, ti 
and the danger of obstructions resulting from the accumulation 
rif solid and iiiHoIuhle matter tliorein. When we give a pipe 
even 3 inehes of dip, we are liable to have trouble from this 
raose without gaining increased security. From half an inch 
to an inch dip i» the most we tind provided for in tlie best 
modem plnmbitig practice. Many practical phimbern of expe- * 
riencc consider half an Inch dip as good ns an inch. This le d 
probably true, but as a safeguard against rapid unsealing by 
evaporation, I shonld recommend a dip of not less than an inch 
under average conditions. 

Two of the best forms of traps I have ever seen lire shown in 





. Ill and 1 1. One great advantage of these traps over those ,„ ^| 
if llie ordinary form lies in the fact that they cannot be syphoned ™""" ' 
bt so as to break the seal. A heavy rush of water, producing 
fcTMnnm in the trap, displaei^a part of the seal, but the amount 
(f spsce in the body of the trap is so great and of ench a shape, 
ttt tlio air jiasses through the water without driving the water 
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ia front of it in a body. In other words, there is a large vol- 
ume of water to be lifted up through the trap, but the stream 
of air which can be made available to force this water out is 
quite small, and hence passes up through the water while the 
heavy body of water falls back on each side, instead of being 
carried over into the waste pipe. I have repeatedly attempted 
to syphon out these traps, but there was always water enough 
remaining, after the heaviest flow, to form a seal. The impor- 
tance of this feature is one that can hardly be overestimated. 

Experimental My experiments were made with traps in the sides of which 
watch crystals had been inserted to give a full view of what 
was going on within. The operation of the trap is thus easily 
seen, and the difference of action between it and the ordinary 
S ^^ half-S trap plainly shown. The very compact form of 

convenienoe. this trap enables the plumber to get a large one into very small 
space, an advantage which is important when it is desired to 
make a neat job. 

The number and variety of new traps patented every year 
would require a separate vohime to describe them. As the 
rule, the idea which underlies most of these inventions is that 
it is necessary to provide for resistance to heavy pressures from 
the sewer. With good ventilation no such pressure is possible ; 
consequently, in good work, balls, valves and the like are rarely 
used in waste-pipe traps. They are used to some extent in 
England and on the Continent, but have never found favor 
with American pi umbel's. 
Sediment Traps should bc kept free from accumulations of sediment. 
This is a truism which needs no argument ; and yet it is a mat- 
ter of almost daily occurrence in the experience of plumbers to 
be called upon to clean out traps which have been closed by 
articles carelessly or viciously throwTi into water-closets and 
which could never pass into the sewer. When he suggests 
that the cause of an obstruction will be found to be some 
bulky article lodged in the trap and which has no business 
there, he is invariably answered : '* Oh, no ; that is impoa- 
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-ibie. Wo arc always very careful not to allow aiiytJiing uf 
liitt mrt to ha thrunii in.*' Upoi. investigatiuii lio may ho what rtan 
1 1 rutty euro n{ Sodiiig a iiiiecclIaDeoiiB asHortineiit of loi^t art!- tnpi. 
flt-a. In till! lious« of one of our m t e\p ed Now York 

[iluiiilieiv, a scniLbing hniEb and ral n all articles were 

taken fnmi a wattT-closet trap, iiiid n 1 1 nj, I wae told by 

a Brooklyn pluinbur tliat he luwl ft J a at p-ctoset trap a 
valaahlu wutdi aiid chain and othc art I ^ uppitscd to biivc 
Ijcwn rtulcn by one of the aervanta. Similar iuetanccs might be 
givfu wicliont number. Children and servants eeeni to hechodrmioi 
chirrty peHponwblo for the obstruction of traps. It is no unu- """"*" 
MiiU tJitng for plumbers to find lost aiticlea of jewelry, laces, 
buitiMj clolliA, old sliocs and worn-out rubbers, comics and brushes, 
broken crockery ami mantel ornaments, broken glass and num- 
licrlcflH otber articles, which dishonest or careless servants or 
mischievous children have thrown in, ignorant of the fact that 
iBpa are great conservators of rubbish, and almost always retaiu 
IrlukteTcr of solid or insoluble mutter goes into them. I have coii utae^ in 
1 inatancca lu which much trouble has resulted from the* 
; thnt servants would persist in throwing coal ashes into 
ter-eloects to save themselves the trouble of canying tlieni 
[own staire. It is unnecessary to say that the throwing into a 
rap of anything not intended to go into it, is wrong. In water- pipw, 
B care sliould even be taken that stiff paper winch resists 
ion to pulp, or large pieces of newsjMiper, shall never 
Tough paper, or large wa«ls of it, are likely to Hnd 
I lodgment somewhere in the pijie, and, if they do nothing 
, will diminish the scouring power of water passing domi 
Bags are vspecially troublesome in this respect, and when bbcl 
IDght upon a projecting roughness, will sometimes cling for a 
; time. 
Tie trap screw is a device for emptying and cleaning trajWTnipw 

1 baa lately como into very genera! use*— probably because 

bitecttf have got into the way of calling for traps with trap 

» in their Hpeeiti cations. tSoiiietlmus, for eunvenieucUf the 
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plumber puts the trap in so that the screw comes on top — at 

Limited least I have seen such cases — ^but as a general thing this makes 

no great difEerence. Not one out of every hundred put in is 

ever opened for any purpose. In kitchen sink wastes, trap 

Desimbie In scrcws are very desirable, but in most small branch-waste traps 

■Ink wastes, ^j^^^ ^^^ rather more ornamental than usefuL 
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The water-oluset, (liougli commonly suppoeed to lie one of 4ntiqni(yof 
tlic '• modem eoiivonieucefi," has come to ue from a very uarly 
aud primitive fivi ligation. Ewbauk — the best aathority on all 
timtt*;rs jHjrtaining to water and its uses — says they are of very 
ancient and proliably Asiatic ori^n. They were introduced 
into Great Britain during the reiyn of Queen Elizabeth, but 
long Ijcfore tlitit time they were known, and to eome extent 
u£ed, in France and Spain. Their general employment ie, Tbeit «ener»i 
howovi-r, of comparatively recent date, and from being a luxury otreoentiiMe 
uf the rich, tliey have, within less than half a generation in 
this country, become the conveniences of nearly all claeaeB of 
the population of sewer-drained cities. In country districts 
their nee is limited, except in houses of the better clasa owned 
or occupied by people accustomed to the conveniences of the 
town. 

In itself considered, the water-«;loset is not of neceesity an wawisrioHt* 
pbjectionable fixture in a sewer-drained house. Much as it uriirobjeo- 
. boon itiveiglicd against, it has many practical advan- """""- 
I over any other fonu of closet or privy. The question w«« 
whether it is potisible to dispose of the sewage of a town iiy ''*'"**^ 
iher and better means than by water carriage, is not one which 
' need be discu^eed hero. Water carriage is not «-ithout objec- 
■ duns, but it is likely to be generally employed in this country 
for many years to come, and wo may, tlierefore, accept it aa 
B of tho conditions with which we have to deal. With water 
idage the water-closet seems to have no j>racticable substi- 
lat«. The individual householder may have recourse to earth 
fclosct?. asJi closets, absorbent buckets or any of the other ilry wMe"!"""- 
lervancy Bystems, each of which has certain advantages, but 
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unless such appliances used receive more careful and intelli- 
gent attention than they are likely to get at the hands of ser- 
vants, they will be found less satisfactory than the water-closet. 
PriTiet. Privies are still used to some extent in cities, but there is cer- 
tainly nothing to be said in favor of them. They are, I think, 
nuisances which should be abated by law, and if their abolition 
cannot be effected, they should be allowed to exist only in 
modified form and under strict sanitary inspection. The only 
objections to earth closets in cities and towns are the trouble and 

Dryoongerr. expeusc they entail. All the dry conservancy systems are open 
to the same objections, unless their employment is so general 
that some system can be organized for disposing of the contents 
of the receiving vessels without much expense, if any, to the 
individual householder. When each person who adopts one of 
these systems must pay for materials on the one hand and labor 
and cartage on tlie other, he will be very apt to conclude that 
the trouble and expense are far greater than the resulting 
benefit. Probably the time is not far distant when we shall 
realize more fully than now that we cannot afford to waste the 
wealth we pour into our polluted rivers, and which is needed 
for the enrichment of farm lands exhausted by what Baron 
Liebig forcibly characterized as " vampire agriculture." 

Victor Hugo Victor Hugo draws the following startling picture of the 
Of Parig. sewage waste of a great city, in " Les Miserables : " 

" Paris throws five millions a year into the sea, and this with- 
out metaphor. How and in what manner ? Day and night. 
With what object? None. With what thought? Without 
thinking. For what return ? For nothing. By means of what 
organ ? By means of its intestine — its sewer. 
Chinese " Thauks to humau fertilization, the earth in China is still as 
young as in the days of Abraham. Chinese wheat yields a 
hundred and twenty fold. There is no guano comparable in 
fertilizing power to the detritus of a capital. * * * 
Value of " We fit out couvoys of ships at great expense to gather up 
sewage. ^^ ^j^^ South Polc the droppiugs of petrels and penguins, and 
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3 iiicalcnlalile element of wealth which we haru under our 

jmI vo send to the esea. Ali the human anrl animal manure 

bhidi the world loses, roatortd to tJio land instead of being 

llirown into the wat«r, would suffice to nourish the world. 

" Theae heaps of garbage at the comers of the stone blocks ; 

I tumbrilB of mire jolting through the streets at night ; 

3 horrid soavengL-ra' carts ; these fetid streams of Bubterra- 

1 slinie which the pavement liides from you — do you tnow 

t all this is { It is the flowering meadow ; it is die gi'een w 

IB ; it is marjoram and thyme and sage ; it Is game ; it is 

ttio ; it is the satisHed low of Iiuge oxen at evening ; it is per- 

i liay ; it is golden corn ; it is bread on your table ; it is 

blni>d in your voius; it is heallb; it is joy; It is life. 

lina wills thitt mysleriouB creation whicli is transformation 

J eartli and transfiguration in heaven. * # * 

" Imltato Paris, you will ruin yourself. Moreover, partien- 

y in tliis immemorial and senseless wa^to, Furls herself iini- 

Tliesc surprising abfiurdities are not new; there is no 

rnang folly in this. The ancients a^ed like the moderns, 

'he CloacH) of Uome>' says Lietiig, ' absorbed all the well-bc- me mmuui 

Bj of tlip Komau peasant.' When tlie Campagna of Home 

e niinetl by the Roman sewer, Home exhausted Italy ; and 

len she hud put Italy Into her Cloaca, she poured Sicily in, 

1 Sardinia, tlien Africa. The sewer of Rome engulfed the 

■Id. This Cloaca offered its maw to tlio city and to the 

lobe, frJi tit Of^'t. Eternal city, unfathomable sewer. In 

9 thingR, aa well as in othei-s, Rome sets the example. This 

mplo Paris follows with all the stupidity peculiar to cities of 



Thi» powerful description of a city's waste is certainly not 

No doubt Paris does throw five millions a year into The«« 
B Seine, but the simple statement of this fact might lead to ^»^ 
Mistaken conclusions respecting the commercial value of sew- 
Tho popular ideas on this subject, which find fretiuent 
:pressiou In newspaper articles on sewage utilization, are 



88 WATER-CLOSETS. 

Sewage of clearly erroneous. The commercial value of the sewage of 
English cities, taken as it runs, is estimated to be about four 
cents per ton. Under favorable conditions, sewage irrigation 
can be carried on successfully, but most of the experiments in 
this direction have been unsuccessful, and very few of the large 
and costly sewage farms in Great Britain have paid or are likely 

Sewage of to pay interest. The value of Boston sewage is estimated by the 

cities. Massachusetts State Board of Health to be about one cent per 

ton. The value of New York sewage is still less per ton, owing 

to its more liberal and even wasteful use of water per head 

Sewage of population. Practically it may be said to have no value, 

utIUxatlon. ^ ^ . 

notwithstanding the fact that it contains a vast amount of valu- 
able fertilizing material. With us the problem of the economi- 
cal and profitable utilization of sewage will probably remain 
unsolved so long as we continue to dilute the valuable constitu- 
ents of sewage with unlimited quantities of water. Great as its 
aggregate value may be, it is not usually great enough to pay 
for the separation of that which is valuable from that which is 
not. When necessity shall compel us to save this wealth, we 
shall probably begin by keeping that which is valuable out of 
the sewers altogether, and using these conduits only as runways 
wateMioaeta for dirty water and street washings. Then we shall probably 

notUkelyto '^ ® i. t i 

beeoonauper. follow souic systcm of dry conscrvancy, but for the present the 
water-closet remains an established institution, and it is useless 
to condemn it as unsanitary. The charge is well founded in a 
majority of cases, but vastly moi*e of good will be accomplished 
by an intelligent eflFort to improve the water-closets now in use 
and remedy their defects than by riding Quixotic tilts against 
them. In ray experience I have never found any good reason 

waterKsioaet why water-closcts should be either unwholesome or offensive, 
nuisances, j^ j^ g^j^^ certain, however, that when any defects exist in the 
drainage system of a house, they will commonly be found con- 
.spicuous in the arrangements pertaining to the water-closets, 
and the sanitary inspector is not likely to make a mistake if, 
when called upon to correct the evils pertaining to bad plumb- 
ing work, he begins there. 



I Tlie reqiiiroincntB i>f a good wator-closet are various and im- 
prative. To Ite safe and eanitarv, as well as oonvenient, it 
t be inodoronp. If it Iiuj* any odor at all it will of necessity 
t « foul one, di^^ueting to the eense of smell, iiaii-seoits to the 
hDliMCh and depressing in its general effect upon niimi and 
tdy. If not actively poisonona, it will jirohably lower tlie 
1 tone of all who are compelled to breathe the air thns 
i«ted and predispoBc them to Bickness. Often, liowever, it 
1 be found actively poitionous, even when the smell, in itself 
tnieidured, is not strong enough to noses accustomed to it to 
e alarm or occasion inconvenience. 
t must be so constructed that it can be effectually flushed or 
ashed out without waste of water ; it must be so simple and 
rong as not to be disordered by average usage ; and it must 
; alTord an outlet at any point for the gases of the sewer. 
rt'io!i6ly, bnt few water-closets in common use conform to 
B eaficntial conditions. Nearly all will do so when new, if 
f put up, but very few, comparatively, can stand the 
•t of use, even for a brief period, without becoming nuisances. 
rfc is, therefore, much room for reform in water-closets, 
1 though there exists no hyj^ienic necessity for the abandon- 
it of the principle of water carriage — regarding the f{ue&- 
1 from the standpoint of the individual owner or occupant 
\k fewer-drained house. 

discnss fully and impartially the merits and defeeta of all 

B water-closets in general use In this country, would be a 

lelicato and difficult task. Every manufacturer is jealous of 

particular product, and every inventor stands ready to 

UTipion to (he dtwth his own' particular Invention and im- 

■nvenient, There is nothing in this menace of endless and 

tor dinjiuration to deter the conscientious writer from cx- 

Bsing his honest convictions; but in tlie case of water-eloseta 

B particularity ib unnecessary as well as nndcslrable. They 

I be aceuratcly divided into certain general clasfiiiications, 

I as the defects of a given closet are common, generally 
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speaking, to the class to which it belongs, a few remarks will 
serve to assist the reader in judging of the several styles com- 
peting for general favor, and in determining whether the ones 
he uses or finds in use are safe or unsafe. 
Pan oioietB. Of the watcr-closcts in use in this country, a very large pro- 
portion are pan closets. Closets of this pattern are defective in 
principle and unsatisfactory in operation ; and although they 
have been variously modified and improved durirg the past few 
years, it is doubtful if they are susceptible of such improve- 
ooMtracuon. ment as will wholly correct their inherent defects. In Fig. 12 

is shown a sectional view of the 
common pan closet. B is the 
basin, usually made of earthen- 
ware. P is the pan which, when 
the handle is raised, is tilted, 
emptying its contents into the 
receiver or containing vessel R, 
from which they pass into the 
soil-pipe branch, having a trap 
at T. As commonly made, the 
principal objection to this form 
of closet is that in addition to 
allowing the foul air from soil 
pipe and sewer to escape, it in- 
Yig, xa. creases the mischief by manu- 

facturing a great deal of very offensive and dangerous gas on its 
Pool re- own accouut. In use, the side of the receiver against which the 
pan discharges its contents when tilted, becomes coated with a 
mass of foulness that clings to and cakes upon it. Plumbers 
are frequently — though not so often as they should be — called 
upon to remove the receivers of pan closets and burn them out 
in order to abate the stench which has become intolerable. 
This affords only temporary relief, fur the process of accumula- 
tion begins again at once and continues until the pan has barely 
room in which to swing. It is no uncommon thing to find the 
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imide of a receiver bo cloggod that it is difficult to empty the 
pan. Matter tlirown out as it descende is often ncoojiud up 
again as it rctunix to its place. Ilumnn excrement \n naturally 
riseong and pla^ic, and M'heti dashed against u rougli enrfuee, 
like the insidu of an iron casting, it takes liold and clingB, cspc- 
cla]|y HA it ia untouclicd by water wliii-ii nislieg down the ba^in 
jind into the soil pipe when the pan is tJlted. I'rora this cling- pononnn, 
i»g matter undergoing decomposition — more or lees rapid JII^oiemiI 
ai>eording to cii-cnmstjinces — there eonstantly arise gases as poi 
Miaous aft any wliit^li come from the fouleei of sewers. These 
gases are held nmlcr etmstantly increasing pressure between the 
two BealH, and when the ujij^'r seal is broken by tilting the pan, 
llio water thrown down must, of coui-se. displafo the gases 
and force them out, If not thne liberated they will eume TrmiumiHion 
tbnmgh the water seal in the pan, as explained in tbe preceding u>»!!«taiuiiL 
laptcr. If the trap in the soil-pipe branch under suelt a closet 
b nnvcntilateii, its sea! offers very tittle effective resistance to 

a upward passage of gaees from the eewer and pipe. An the iDiimciiai 
!, the flow of water into the closets of this description is 

mfficient to Hn^h tlie trap ; consequently, the seal is seldom 
plctely changed, and there is almost always a mass of un- 

wlvod fasces floating therein. With all these facts in mind 

svnsytu UTidenrtaad why a disagreeable smell, and somc- 
I an overjKiwering stench, is instantly emitted when the 

n mil of such a closet is broken. 

obviate iheee serious defects in the pan closet, many dc- vMincaiionn 
s have been proposed, eomc of which are not without great ^"b^"""'' 
lotago in modifying its worst evils. It is rather singular 

I ftlthougli tho nuiaanco and danger of foul receivers hare 

1 recognized for years, until recently no one wems to have 
mg^ht of the simple experiment of flushing them. In a closet niutaini 

r brought to my notice the principle of contraction was" 
bllitantially as sliown in Fig, 13. A represents the receiver 
fad B the bowl, both of tho ordinary form used in the com- 
lon pan closet ; C is the pan. The bowl receives water at the 
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top from the pipe D in tlie ordinary maimer, both valve and 
levers being operated by the handle as nsaal. Around the 
interior of the receiver A the 
pipe Gr is arranged in the 
form of a ring. This pipe 
is attached to and receives 
•^ water from a pipe, H, which 
passes through the receiver 
A and communicates with 
the pipe D through a con- 
ducting pipe, J, eo as to bo 
supplied witli water by the 
operation of the valve at the same time that the pan C is sup- 
plied. The pipe G is provided with perforations, g, through 
wliicli the water escapes in streams or jets. The pipe G is also 
connected with a pipe, K, which communicates directly with the 
water supply pipe, and is provided with a stop cock which may 
be turned by hand in order to supply the pipe G- with water 
independently of the pipe D and the valve, "Wlien in opera- 
tion, tlie water issuing from the pipe G washes the inside of the 
receiver and the outside of the pan and lower part of the bowl, 
thus keeping the parts clean and preventing the outside of tlie 
pan from becoming corroded from ammonia. If, as frequently 
happens when the pan is emptied, the lower trap is syphoned, 
the How of water froiu_ the pipe G overcomes this difficulty 
and promptly fnmishcs a supply for the trap. In emptying the 
pan tlie flow of water upon tlie inside of tlie receiver prevents 
the adhesion of soil and washes away the contents of tlie pan. 
This improvement is very valuable one, and will do much to 
abate the nuisance of foul receivers. 

Venting the receiver is an old expedient, and a good one in 
itself considered, but I do not believe that any amount of vent- 
ing will make the common pan closet safe and excellent. Good 
ventilation is quite a difEerent tiling from simple venting. 
Ventilation implies an inflow as well as an outflow, and a nata- 
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nil or indaood cnrrent. It is possible to aeouro these csBentiaiB 
if Uie proper means arc taken, but sucli veiititution as is secnnwi 
lijf carrj'ing an air pii>c into tfie side of the receiver does not 
Qsnnlljr suffi<:e, alChougb it is a great deal better than notliing. 

Of late Boino ciirreiiey Iiiw lieen given to tbe idea that it is 
poeaiblu to correct the defects of the pan closet hy disinfection, 
ami an apparattis lo apply the dieinfei!ting fluid iiaa been in- 
vented and intro<iuced in England. The cLIorahnn or other 
disinfecting material is held in an earthen vessel above the 
dloset, and wlien the valve is opened a small quantity is anto- 
matically let down through a pipe discharging into the basin, 
to mingle with the water of the flush and pass with it through 
the soil pijw to the sewer. The device has very little practical 
utility, if any. We have no diaiiifecting material cheap enough 
for free and general nee which is sufficiently powerful to render 
any important service when thus employed. A good water- 
irt, properly set, amply flushed, kept clean and discharged 
into soil pipes open at both ends, will not need disinfecting; 
hen will scarcely bo benefited by it. 

Of closets embodying the essential principle of the pan closet 

rilh certain moditications, there 

B a groat many, few of which 

l»vo come into general use in 

coimtry. Of these the 

lite closet (Fig. 14) is proba- 

W the moat generally used. 

me of these arc a little better 

■lluQ the average pan closet ; 

^dUien) have all its defects be- 

8 some which are peculiar to 

. Few of them will 

kold tti«ir basin seal for any 

Khmgtb of time when worn wiih 

Nearly all of them will 

syphon out this seal through the 

overflow upon very slight provocation. They arc mostly inex* 
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pensive affairs made lor cheap work, and are not usually recom- 
mended for use in well-drained houses, even by those who make 
them. 



Hoppnr Plain hoppers, witliout either pans or valves and requiring no 
a — __._ ■_! jjj^ay respects the best of the cheap water- 



overflows, are i 

AdTuugH closets. Their advanta^ consists in strength, simplicity and 
ohsapsppB the impossibility of concealing filth within them. Tliey will 
' hecorae foul and offensive if neglected, but the fact that they 
need attention is apparent to the sense of sight, whereas the 
closets last described secrete filth within while clean on all visi- 
ble surfaces. A neat housekeeper would not allow the sides 
of a hopper to remain foul, but the inside of a pan-closet 
Form of receiver is beyond her reach and out of her sight. The usual 
fonu of hopper closet with automatic valve flushing apparatus 
is shown in Fig. 15, In 
closets of this kind we have 
but one seal — that in the 
trap made in the soil-pipe 
branch— but when this one 
seal 18 relieved from pres- 
sure by ventilation, it is 
more effective than three or 
four would be if between 
them we had accumulations 
of nuisance-breeding filth, 
conditioM oi When adequately flushed, 
tmeiencj. the liopper closet is neither 
unsightly nor unsafe— pre- 
supposing, of course, the 
requisite ventilation. The 
hopper should be large and of sucli shape that it will permit 
fffical matter to drop into the trap without touching the sides. 
The flush should be strong enough to scour the inside of the 
hopper and give a clean seal in the trap after the closet has 
been used. In common plumbing work the apparatus is usually 
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SO uiranged that a pressure upon the neat openp a valve and *■l^> 
allowB a sniall quantity of water to trickle in as long as tJie 
iloset k in nse. Suc-h a flnsh is of very little value beyond 
wetlliifj the sides uf the hopper and preventing ai^uiuulationB 
^upon them, and needs to he euppleniented by a strong dueh of 
^^^Uer. the vnhinic of wliie}i is tinder control of tlic ^>ersoii ui>ing 
^^ft clueet. AVheii this is provided, eitlier alone or, preferably, autii 
^^^ftconnt^ton with a nioderate flow maintained autoinatleally ouu 
^^Bmcsns of a valve rj]>ene<l by a downward ]iree8iire npon the 
^^BE and ftlosinj^ when that pressnre 13 relieved, tlie hopper 
^^^het with ventilated connections with the sewer eJiould, if 
^^^bt clean, l>e the be«t cheap closet in Uf«. 

^^^Thocgh aehiom introdnccd into hotiwH, the device known as wupi 
'Itt' shiji closet merits attention ae a very perfect and eimitary 
]>paratiie. One of the l)e8t fonns of this variety of water- 
( luset* whicJi has come to my notice is ahown in Fig. llJ. The 
hiipper in of good shape, but instead of being connectctl at the 
hottoiii with the soil pipe in the iisiial raaiiner, an iron pipe 
ni^ikc* a connection with the pump barrel seen on the left, the 
I'liinger of which is shown raised in the drawing. Wlien the 
h.mdle is lifted, a» shown, the contents of the hopper are drawn 
iiini the l»ody of the pump, and at the Game time a quantity of 
water is forced from the upper part of the pump barrel into the 
■ through the pipe which connects them near the top. 
I the handle is depressed the soil, &e., contained in the 
f the pump is forced out through a valve in the soil pipe 
3; behind the pump barrel, l>eing prevented from returning 
B hopper by a valve in the bottom of the pump. As the 
3 is forced down a vacuum is formed above the plunger, 
1 through a check valve in the pipe on the left a fiiipply of 
Icr 18 drawn into tlie body of the pump. Tlie plunger is 
a large in onier to rednce tlie quantity of water needed to 
e body uf the pnnip at each stroke. The flush of water 
the hopper on lifting the pnmp haiitlle is forcible and abnn- 
As these closets are intended to be used below the water 




line on sliijtboani, it is necesRary that tliey l^lluuId l>e w 
ter tight in every part, as any inflow tlirough tlieni w<»ui 
be a dangerous leak in tt 
vessel. They are, therefor 
8ij iiiaile that fliey ran will 
etiiiid a stntng hackwanJ pre 
■0 in the eoil pipe witiioi 
, difticiiUy. As made for iii 
iva, this fomi of chjsct 
mostly lirass.suhBtantiallyiH 
together and bo arranged tlu 
it can lie readily taken n] 
Its positive movements 
ctficiency in jirevonting 
■ ■■■i! pip.', render it a very perfect devi 
itwiin^ium i«-<ii^i... JJ...1J .1 :-.dii(,i!'v j,L.iiit of \-iew- A nioditication of tl 
((■rhoii«K,f*>riii of closet, simplified, dieapened and adapted to aae 
hoiiBcs, has ijecn made hut ie not yet in ase. 

In buying a water-closet, it is a safe nile to buy the best 
can be obtained and have it put in by tlie most intelligent an 
TfaBbert g](i|]fii) plumber whose eorvices can be secured. Tliift is m 
ctaMpMt. only the Iwst policy from a sanitary point of view, but it is 

must econonticiil in the end. A cheap, flimsy closet cauDOt 1 

expected to stand the test of long usage, and will either bo w>i 

Btantly out of order or mast receive constant repairs. Tli 

essential requirements of a good water-closet have already 

briefly stated at the beginning of this chapter, but with a viei 

to fixing them in the mind of the unprofessional reader, I wil 

now consider them more fully. They are : 

w»;«r loKU !• /' sftould hf Inodowfis. This ia a quality of excellimo 

"ftraTi^' which few cheap water-closets jwssess when in use. A foiul 

""'''"°°''' depressiug, characteristic odor is almost ahvays noticeable at o 

near tlie seat level, and very commonly in all parts of the rooa 

in which a water-closet is placed. Sometimes it permeates tbt 

air of the whole house. This is less readily detected bv ono 
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>ccU8toinp(.l to it from the impression it mak^s upon tLo sense 

*'{ etiibll tlian from itB depreBsing, LDadacIie-intlneing effects. 

I'iiom accnBtomed to the cliaracteriHtic smella of city himsesi 

'I'liloru uotice this odor, esMpt fi^r n iitunient when oiimiii^ in , 

oat of the frefth air ; hut it bus often heeii retiiarked hy people 

Kvitig in Uie purer atmosphere of the country tlint they noticw 

the einell of tiie eewer IJie moment they enter a city house, I 

have no douht tliis is tnie,for although I have lived the greater 

[wrt of my life in cities, I find more difficulty in i*caping 

thBa in dctuettng the smell of the cewora when passing through 

t city houses. The WHtor-closets are not wholly to hiame 

r thiji, bnt they arc largely so. For this reason, the nwtms in \ 

iljcb water-elosets are phu'ed should be well ventilated all the 

B. The too general cnstojn of placing them in little pantries, 

1 no ventilation exeept through a shaft opening into similiir 

intricfl above, and lighted by a water-tight glass skylight, is 

Wlien not ventiLited at all, as ie often the case, the evil is 

ill greater. Ventilation at the level of the seat is rccoiii- 

wnded by some plumbers, and when secured it is doubtless 

Closets BO coustrneted, in connection with ventilating 

tftB, as to provide for a constant current down through the 

1 and ont, have been introduced and are well spoken of. I 

Mvo had no personal exi>erience with theiu, bnt if the ventJla- 

I for which provision is made can he secured, 1 can see no 

1 why they should not work well. But whatever the form 

i cloect ased, the architect should see to it that the a^uirtments 

1 which they are placcid are well ventilated throngliouL 

AVtiile npon this suhject I may remark that a great many 

' people. e«i»ecially young women, pass much more time than is 

necessary in tlie usually unwholesome atmosphere of these 

places, taking books and newspapers witli them. This is a 

rtciotis habit which entails more than one evil eonsetpienco 

3 those who practice it ; but it is nevertheless very common. 

iOpld Hhonid team, and children should he taught, to regard a 

iter-cIoBct as juat what it is. It certainly is not a ])laee in 

bicb to pass an idle hour reading novels. 

7 
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nuoDieiiK Two inetanflcs out of tho many which have eomc to my 
EincMi. notice will servo to sliow to what extent satiitarj principles 

tlisregarded in much of tho " bread-and-butter architectnre " of- 
the present time. Botli were found in line brown-stone lionace^ 
commanding a high reiitttl and occupied by pljysiciaus of e 
lent professional standing. In one of tltoae houses I found f 
closets of tlio woret description, phiced in little pantriea with 
floor space only cqnal to about twice tlie area of the seat. Tbee 
pantries had absolutely no light except that provided by gt 
bnrners, and no vt>otilation except what wa« had through tU 
doors opening into tho halla, and through Httlo window 
scarcely larger than a sheet of letter |niper, opening inti 
adjoinini; upartmeuta. The closets were neglected and almoi 
always offensive, but they had l>een tolerated for yeare witboa 
attracting attention, notwithstanding the fact that during thi 
period sickness was the rule rather tlian the exception in tb 
family. In the other case the arrangement was very mnch life 
that Just described except that the pantries were rath(7 mon 
fBauiMing roomy. They were, however, witliout ventilation except snd 
jhaUiMd ais might be secured throngh the halls or the adjoining rooms. 
The smell, noticeable ut all times, was often sickening, but I wiK 
unable to convince the physician that there was any objectta 
to the arrangement great enough to justify him in vcntilntinj 
liis soil pii>e and abating the nuisance to which the water 
rcecept closets continually gave rise. It is a curious fact, but oni 
pr«^ce. which baa often l>een remarked, that those who are most readj 
to discover and inveigh against unsanitarv conditions in othei 
people's honses, are the most difficult to convince that their owr 
houses are not so well arranged as they should he. even thiMi^ 
conapicuoiisly unhealthy. It is probably for this reason tlia 
sanitarians, as a rule, live in houses that will not bear inspec 
tion. 
lonancs 3. It mve( he abuvdanUy and frequentiy fliishfd. This \ 
rA'tl^T easily provided for. Most closefci are so constructed that tlie; 
Mm '"^ "*" ^ flushed abundantly if the handle is held raised lon^f 
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noogh ; but the common practice is to give, the liaiidle a jerk 

ud lot it drop. Fortius reason it is important that the ttnaliiyig 

ppHratns bIiouUI be so arraugod thiit ti strong aud voluminous 

lovr is securoil, even though the handle i& raised only for an 

utaat. This is provided for in most of tlie valvea in nse in 

1 plombing practice, by an arrangement which permits the 

s\ve to closo very slowly when once opened. If for any 

^nsu Uic flow of wat«r into and through u closet is not enough 

D fcour it out thorougldy and leave a dean seal when tho flow 

Dinpetent plumber shonld be called in to remedy the 

Icjfect, which he can commonly do in a few mimitcB. 

Water for flushing closets should not be drawn from a 

|»ipe in which the flow is liable to be interrupted by the open- 

; of a cock between the closet and the main. To this 

& tbvre nrc no exceptions, Uuleea each water-closet has a 

lepamtc service pipe which is not tapped for any other pnr- 

i. some form of cistern or its equivalent should be pi-ovided 

Itid the water needed for flushing drawn therefrom. In cheap 

^ntract plumbing work, however, it is not unusual to find the 

1 service pipe tapped on every floor for all purposes, water- 

t flushing included. Where the Holly system is used, the 

tiri; of water in the mains is usually so great that a service 

tipe might be tapped several times without interrupting the 

low at the highest cock or valve. In New York, however, and 

many other cities where the pressure in mains and service pipes 

depends upon the head of water in distributing reservoirs, it is 

ihe rule rather than the exception to have the supply cut oflt 

I the upper part of a house by the opening of the faucets in 

Ihe kitchen. Thin can be avoided, but it seldom is except in 

a best work. Under these circumBtanw>s, water cannot bo 

ravrn direct from the service pipe into the basin of a water- 

foloact without serious danger. Cold or cool water, especially if 

pure, has a vast capacity for absorbing gases. Ordinarily it will 

absorb many times its own volume, and all sorts of gaseous 

-impurities arc taken up by it as readily as a dry sponge takes 
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up water. Such impregnation of course renders water foul 
and wholly unfit for drinking or use in culinary operations. It 
is for this reason that the service pipe of a house should not be 
connected with water-closet basins when, from any cause, the 
flow is liable to be intermittent. 
Evusof Up. Suppose that when water is drawn in the kitchen and the 
pipes Into flow in the upper part of the house is temporarily interrupted, 
wa.e 086 ^j^^ handle of a water-closet is raised when the basin is foul. 
The water in the pipe, which might otherwise have been held 
there by atmospheric pressure, runs down as soon as air is 
admitted at the top, and the current of air which rushes in to 
fill the pipe carries with it the impure gases from the water- 
water poi closet basin. These are at once absorbed by the moisture cling- 

sonlng. , , , 

ing to the sides of the pipe, and water subsequently drawn from 
this pipe may be very impure and unwholesome. A striking 
illustration of water poisoning by the gases generated in water- 
closets is found in the "sanitary history of the town of Lewes, 
Typhoid England. During the year 1874 typhus fever broke out 
Lewes, within the corporate limits, and nearly five hundred cases were 
reported within a few days. The town is supplied with water 
by three private companies, much as our American cities are 
supplied with gas. The fever cases occurred in the districts 
Intermittent Supplied by the Lewes Water Works Company. The supply 
furnished by this company was not constant, but was turned on 
for three or four hours in the morning, and again during the 
afternoon. When the water was shut off the pipes emptied 
themselves, and air rushed in at every opening to fill the partial 
Air from vacuum Created by the outflow of the water. During the preva- 

closet basins />/>*' o a 

drawn Into Icucc of the f cvcr au investigation was Giade, and the following 

water plx>es. - , , 

facts were brought to light : Many of the water-closets in the 
infected district were flushed with water drawn directly from 
the service pipes, and it was the habit of the people to have the 
valves open in case these closets were used when the water 
was shut off, so that they might be flushed as soon as the flow 
was resumed. The consequence was that a part of the air 
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.'licli entered the mains was dravm in through the basins of 

'■•ul cUwvte. Other defects were found of a still more serious 

iiAture, by which tlie gases of foul privy vaults were drawn into 

ihe service pipes tlirough cracks and holes made by eorroeiou of 

■ I lO lead. Hero was found the cause of the outbreak of fever. In 

i[ii.' district sixty lionses out of four iiundred and liftj-four were 

iijiplied from Uie works of the Lewes Water Company, and in 

;i:is district the cases of typhus fever occurred only in these 

; \ty houses, with the exception of two eases. The other three 

uindred and ninety-four houses were free from it. Even after 

liic epidemic liad heooine genera), and was propagated by other 

nitMUis, only six per cent, of the total nunjber of cases occnrred 

wibude of the honses supplied with this company's water. 

ft, Othw illustratioiiB might be given of the danger of tapping 

fewer pipes direct into water-closet basins, but the fact tliat it 

U dangerous will Ije evident to every intelligent person without 

i iirthi-r argument, I am aware that plumbers are often called 

upon to do all sorts of objectionable things, and that an 

!mpt on their part to explain the necessity for employing 

■r methods may bo regarded as an effort to sell more 

rerial and make a larger job to charge for. But while I am 

prepared to say thiit a conscientious plumber should refuse 

contract for such work, I have no hesitation in saying that 

eJiuuId nut do so without explaining the danger of mistaken 

illoniy, thus clearing himself of moral responsibility for the 

•quences if hie protest is disregarded. It is not my pur- 

p-k^e to discuss the ethics of this question in this chapter, 

if at all, but it seems to me that the Health Boards of New 

York and other Ainerican cities should endeavor to secure such 

itions to the local building laws as would relieve plumbers 

the moral responsibility of doing tjad work and justifying it 

to their consciences with the specious plea advanced by the 

starved apothecary of Mantua: 

" Uy poverty, but not my will, conaents." 
8. Jt muet he stroiit/, irimjtle and not liable to fjet out of 
This is a qualification demanded for sanitary afi well as 
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for economic reasons. A complex water-closet, weak in any 
Deterioration part or liable to derangement from any cause, is quite certain 
ciotetfl. to be a nuisance sooner or later. When water-closets were 
first introduced into the American market, they were made 
large, strong and substantial. Of late years there has been a 
tendency to diminish their size, lighten their parts and cheapen 
their cost. As the result, most of the water-closets now in the 
market are weak, flimsy aflEairs, not worth the low price at 
No economy which they are sold. There is no economy in buying cheap 
^K^ water-closets, whatever the character of the houses in which they 
are to be placed. 
Effectn«a 4:. It mtcst he sealed against the inflow of air currents 
from the sewer ami soil pipe. This cannot be secured with 
certainty unless the ventilation described in the chapter on 
impoMibiuty traps and seals is provided. It is simply impossible to main- 
onTentuated tain a cleau and efficient water seal in any trap discharging into 
***^][J^ an unventilated sewer connection. As already shown in these 
pages, water offers no effective resistance to the passage of 
impure air or light gases, and unless these are afforded an easy 
and direct outlet to the open air from the sewers and drains in 
which they form, they will not be held back so long as there 
is nothing to prevent their escape except a small quantity of 
water which will eagerly absorb and as readily transmit them. 
Few water. From a somewhat careful examination of the various patterns 
be^oom- ^^ watcr-closcts in use in this country, I am forced to the con- 
mended. (ji^gjQ^ that but fcw are to be recommended. So far as I can 
judge, I should say that the best are those which command 
^wdity to tlie highest price and are least often called for in architects' 
®*^** specifications. A water-closet which combines the requisite 
qualities above specified has never yet been made at a price 
which will admit of its employment in cheap work, and 
Diffl<mityof probably never will be. The problem of constructing a closet 
oheapnesa which sliall bc at oucc clicap and good presents many difli- 
*^** tonoB. culties, as any one will see who, with an intelligent idea of what 
there is and what is needed, attempts its solution. 
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■The only article in plumbing work akin to the water-cloaet, siop hoppen. 

1 which can properly be considered under the same head, is 
■'ii' »Iop hopper. This is a cone-shaped hopper of iron or 
utheiiware, connected with the eoil pipe by a trapped brancli. 
.--l.jp hoppers are usually placed on tlie upper floore of large 
houees, hotels, &c., to afford a meaiiB of disposing of waste 
water without throwing it into the water-closets, lor this they utuitr. 
irt- tiMjful, and should always ha provided in large houfes. As 
wdimonly put in, however, they give rise to no little mischief. 
\Vater is usually poured into them by the bucketful, and the onHniiiic 

Kig and sudden downward flow thus provided is veiy apt to ""^ 
the seals out of the traps in some of the small branch 
BO. This cuiild he obviated in most cases by ventilation, Bimnnsto 
additional security is afforded by providing slop hoppers Jltortiuir.' 
strainers so fine tJiat the water thrown into them will not 
out any more rapidly than the soil pipe can carry it oS 
without danger to the seals in traps. When traps are not 
provided with independent ventilation, I consider this precau- 
l^fin indispenBable to safety. Servants cannot be expected to 
^^Hreise any discretion in such matters. 

^^KWlien from any cause tJie water supply of an inhabited, 
-i-wer-<iniined house is cut off, the water-closets demand iuime- 
liiate attention. At such times they usually become very foul, 
.iiid from negligence in renewing water seals in traps, i>emi- 
1 ions exhalations from the sewere vitiate the air of living and 
(bleeping rooms. The accumulation of excreniental matter in 
Iwicins, receivers and traps cannot but give rise to dangeroua 
iiiiiMiice, which is little bettercfl when just enough water ia 
thrown in to wash Uicse accumulations out of sight and into the 
containing vessel or mouth of tiie soil-pipe branch. 



CHAPTER VI. 

Service Pipes and Water Service in City Houses. 

The occupant of a city house has, as the rule, no choice as 
to the character of the water he uses. His only available 
source of supply is the street main, and, generally speaking, he 
has no occasion to trouble himself in the matter further than 
to see that the service system of his house is so arranged as to 
Constant ler. sccurc, if possiblc, a constant supply at every cock. This 

▼Ice a prime , -t i. ■!_ j *j.\ j. • • •!.• i 

requisite, canuot always be had without pumpmg, even in cities abun- 
dantly supplied with good water. In many parts of New 
Tanks. York, foT cxamplc, it is necessary to pimip into tanks or reser- 
voirs, near the roof, all the water drawn above the basement 
floor. In this case the service pipes are carried down 
through the house, which involves a somewhat different 
arrangement of them than is needed when the supply rises 
from pressure in the mains. 
pj.^jgg^^^ When the pressure of water in the mains is suflScient to 
dnetohead. jj^g^jj.^ a constaut scrvicc on every floor, as in many cities, 

especially those in which a head is secured by means of power- 
ful pumping engines, there is no occasion for any mistakes on 
the part of the plumber who understands the mechanical part 
of his trade — so far, at least, as securing a good distribution is 
Arrangement Concerned. The plan upon which the pipes are arranged must, 
of pipes. ^£ course, depend upon the size, character and internal arrange- 
ment of the house. The architect should, and sometimes does, 
make suitable provision for water service and drainage in his 
plans, but too often he designs the house in every detail first and 
then provides for the pipes in whatever way he finds easiest. 
Conditions of ^hc Conditions of a good water service are that it shall be 
* ^^^^^^^ constant, in well-laid pipes protected from all danger of freez- 
ing, bursting or leaking from any cause, and so placed that, 



StatVKIi PIPKS AM) WATEK 6ESVICE IN CITV EUUSiS. 



105 



hen the supply ia shut off, tlie whole ej-stein may be tlrained 
opening a waeto cock in the cellar or kitchen. In thi- cliap- 
vra«te and soil pipes, I ventured some suggestions 
Ktrng The heat dispusitinn to he made "f the pipe eystcm 
houne. Fiirtlier on in this chapter I sliall speak of the 
* which I have found most efficacious in protecting service 
i from frost at tlie points where tliey are most expoBod. 
!ti»t' <iiu-8tii)n of the beat material fur service pipes is one of „ 
Mt importance. anil it liai« been lung nnderdisciission witliont" 
;uiring itiucb interest for the general public. If the ques- 
tion of Iiealth wore not involved, the problem wuuld be a very 
simple one, for lead pipe, taken for all in all, would probably 
ill.' the one universally preferred. Lead, frojn its cheapness ^^ 
iFnI the facility with which it can be manipulated cold, haa 
luen for centuries the favorite metal of plumbers, and the 
tnmie of the trade is derived from the Latin name of the 
ni..-ul. With the exception of ease of working, however, lead 
■mnot be said to posaess <p]alitics which adapt it for iise a« a 
iiaterial for service pipes. I^ead pipe is heavy and weak ; it oi 
^i [idil.v stretches, and sags or buckles when exposed to varia- 
linri* of tem|>cnituro ; it is easily cnifihed ; rats can cut it with- 
Hit difllcnlty, as they sometimes do, and many kinds of water 
iiitack, corrode and are poisoned by it. For the reason last m 
KDtioned, lead has long been regarded by chemists as an " 
Bfe metal for Bcrviee pipes. Observation ami experiment 
1 to have continued this opinion ; and that, under a great 
[oty of conditions, it will ho found to rest niwn a substantial 
I of acientilic truth, I shall attempt to sliow in Chapter 



1 the effort to tind something better than lead aa a material son-nu-auu 
•.e pipes, ex|wriment8 have been made with nearly all J"^^^'" 
6 cheaper metals, n» well as with a cood many substances not 
U^Uic, 8ucli as glass, pai>cr, gutta jiercha, dec. Block tin 
B have been extensively used, but they are not, and prol> 
r never will be, regarded with general favor. Tin is harder Tinpipe*. 



\ 
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and much less ductile than lead, it melts at a lower temperature 

and, in addition to being a more costly metal, it is much less 

conditioM of easily manipulated. In some kinds of water it is rapidly cor- 

corroslon. 

roded, and my observation leads me to believe that those 
waters which act upon tin most rapidly do not attack lead vig- 
orously, if at all. I may be mistaken on this point, but I have 
frequently had my attention called by plumbers in country 
districts to instances of the rapid destruction of tin pipe in 
waters which apparently had no effect upon lead ; while in as 
many other cases I have found tin to render excellent service 
under conditions fatal to the life of lead pipe. Fortunately, 
the soluble salts of tin are not poisonous. Its cost and the dif- 
ficulty of manipulating it are not objections which need stand 
in the way of its more general use, but they always have and 
probably always will. 
Tin-uned Lcad-iucased tin pipe — or, as it is more commonly called, tin- 

lead plpos. 

lined lead pipe — has been extensively used during the past few 

years, and has generally given satisfaction. In some waters the 

tin lining lasts but a short time, but in a great majority of 

AdTantages. cascs it will be fouud a safe and durable pipe. As now made, 

this pipe has a continuous tin lining throughout, of very even 

thickness ; and, when properly put together with the apj)li- 

ances furnished, and according to the method prescribed bv 

the manufacturers, it will deliver water free from poisonous 

metallic salts as long as the tin lining lasts and perhaps longer. 

Disadvan- If, howcvcr, tliis pipe is worked in the same maimer as lead, 

^*^' any but a very skillful and exceptionally careful workman will 

be pretty sure to leave lead surfaces exposed, thus defeating the 

Tinned objcct of the tin lining. The manufacturers of lead-incased tin 

pipes supply tinned brass ferrules, thimbles and T connections, 

with which perfect joints can be made, insuring a continuous 

tin lining, Kut plumbers, as the rule, object to using these and 

wiped Joints, insist ou wiping the joints after the usual practice. I know of 

no reason for this unless it be that the wiped joints are more 

profitable, as they enable the plimoiber to use a pound and a 
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lirjf of solder, worth from 14 to 15 oeiite a ptmnd. and charge 
it .ill the bill as five [loinids ut 50 cents per powiul. The olijec- 
viiii to wilted joints in tin-lined pipe is tliat, in "getting a 

I'^il" iirepiiratnry to spreading the solder after ponring, the 
I .1(1 honomes so hot that the tin is likely to he fused and 

L.-iroTcd lUi a lining, hut remains in the pipe to obstruct the 
'i.iliTw;iy. Joints in tin-lined lead pipe ean sometimes bo 

lijifil wir.lioiit destroying the tin lijiing, hut I would not trust 
.ijv plumber to do it for me. 1 am not pi-epare<i to say that 
■i.iri joints will make a tin-lined pipe no better than one of lead, 
liiii ii is ([uito e%'ident that the theoretical excellence of the 
I'niitT over the latter dejiends upon the maintenance of a con- 

imirjiis tin lining, and this plumbers are not usually willing to 
iii>- tlieni. 

^'mught iron has been employed as a material fur small wmmthi- 
i^in's for water distribution with good hygienic results, but not '""""*"' 

iffjopt ^mo disadvantages when unprotected from rapid oxi- 
iiNon, Tho water coming through iron pipe is not consid- 
' !>d injurious, even when a considerable amonnt of tho metal 
i present. The low price of wrought iron pipes, their great 

length and the ease with which they are put up render them 
■ i y (leeirable, provided they can he made durable by protec- 

>n against n»t. I have known of Bcvera! instances in which ^,j^ 

:ouglit-iron tubes have been used as service pipes, but in only 
'•.•: case have I been able to get the facts necessary to the for- 
I ilion of an opinion as to their advantages compared with 
'■tlier pipes. This was in the ease of Swarthmoro College. r„np,p„,, 
at Swarthniore, Delaware county, Pennsylvania, Water ■«"«« cqiimS°°" 
mtroduced into the college building through iron pipes in 18B9, 

tfnim that time nntil March, 1875, at which date my inqni- 
wcre made, they had required and received no attention or 
ir». In February, 1S7.1. some changes were necc!*ary, and ii„niuo(ii 
I-iece was cut out of one of the pipes which had been in con- "•"'""'" 
..:.iiit use for six years. Ila original diameter of bore — one inch 
t a lialf — liad Iicen reduced to about one inch by the accu- 
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Anniysea. mulation of rust on the interior surface. At my request the 

respected president of the institution, Prof. Edward H. Magill, 

caused a series of analyses to be made to determine the chem- 

No organic ical cffccts of the irou upou the water. Samples were taken 

Impurities f^^^ |.]^^ spring and drawn from the cocks inside the- building, 

and the latter were found very pure, containing no trace of 
i^eroentageof Organic matter. The most remarkable fact was that the per- 
" centage of iron in the water taken from the cocks was only 
about two-fifths of that found in the water taken directly from 
the spring. This was established by repeated determinations, 
and the fact cannot be doubted that the passage of the water 
through iron pipes caused it to deposit three-fifths of the iron 
it had previously held in solution. In its general character the 
water is considered excellent, and at the date of my informa- 
tion it was the opinion of the engineer of the college that the 
pipes were good for 15 or 20 years more. This is not as long a 
life as might be expected of lead pipe under favorable condi- 
tions, but when healthfulness is taken into consideration, there 
is really no comparison to be made between the two metals. 
Gtuvaniaed Galvanized iron pipes have been in the market for many 
Iron pipes, ^g^rs, and when they were first introduced it was hoped and 
nelieved that they furnished a satisfactory solution of the prob- 
zinc unsafe. A'^m of a clicap, durablc and safe service pipe. This expectation 
ras been disappointed, and although still extensively used, pipes 
coated with zinc arc regarded with disfavor by a majority of those 
imperfecfc '^^^sc Opinions are entitled to consideration. In many cases the 
P~*®^°^ iron, unequally and imperfectly coated with the zinc, is more 
rapidly corroded and destroyed than it would have been if left 
unprotected. A great variety of waters used for the supply of 
towns attack zinc vigorously, and all the resulting zinc salts are 
zinc poi- poisonous. An effort has lately been made to show that the 
soning. g^j^g ^£ ^j^^ ^^j^ safely be taken into the human system in larger 

quantities than could be held in solution in potable waters, but 
there are too many well-attested cases of zinc poisoning from 
drinking water conveyed through galvanized iron pipes to ren- 
der the experiment a safe one. 
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» "Many efforts have been made to tin iron pipes, but 1 hare 

iver hvard tliHt tliey were Buccesftfu], The outside of tlie pipe 

nld be v«rv well coated when desired, bnt the jwrous and 

Kven character of the inside surface canacH tlie tin to be nne- 

lally and imperfectly deposited, leaving portions of the iron 

1 to the water. In thia case the objection is a commer- 

i one. Tlic pipe is too rapidly destroyed to be economical. 

B recently a procees has been perfected for the in'annfactiiro 

f ft tin-liiied iron pipe, which eeeins to overcome thia difficulty. 

a a wrought-iron pipe with a continuoiia and perfect inde- 

mt tin lining. The tin pipe is drawn by the usual means, 

i of sDoh size tliat it can be slipped inside the iron pipe of 

Well it is to fomi a part. Hydraulic pressure is then applied 

r means similar to those employed in testing pipes, and the 

letile tin lining is expanded, conforming to all the inequali 

lO inside of the iron pipe and being thus locked firmly 

1 place. Tin-lined iron littings are also supplied by the mann- 

urers of this excellent pipe. In making a joint a tinned 

ule with a sharp lip. slipped into the end of the pipe, is so 

I as to take a bearing all around upon the tin lining of 

i fitting, and thus, while making a perfect joint, presenting , 

If Dontilinous lining throughout. These pipes are made in IG- 

t lengths of all the usual sizes. It is, in my judgment, the 

t pipu for water conveyance ever iiiudc. If the tin lining is i 

royod by the corrosive action of water, there is no danger 

fnetHllic poisoning as in the case of lead and sine, and we 

1 liavo a strong, durable and safe iron pipe behind it. The 

I is BO thick, however, that there is no danger of its complete 

nction except nnder unusual and peculiar circnmstances. 

.\ cpecial enttiug tool is used when it is desired to preserve the 

rill lining so o^ to turn it over the end, but the oiwration is no 

more diflicnit and takes no more time than to cut ordinary gas 

l<ipc wilh Ihe common tool. 

During the past few years iron pipes with glass lining havo . 
come into use and havo secured some degree of public favor in 
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Interested spite of a verj^ determined opposition from the plumbing trade. 
This opposition is probably due to the fact that plumbers can- 
not put them in. They are very difficult to cut with common 
tools ; the brittle lining will not bear rough or careless hand- 
Difficulty of ling, and when a pipe tongs is applied to one end of a length 

XHftlllptllAtlOll *" . . , • 

to screw it into a coupling at the other, a workman unaccus- 
tomed to the work would probably shiver the glass lining before 
he had brought the pipe to a solid shoulder. These difficulties 

Fornished havc bccu met by the manufacturers. If a plan of the plumb- 
ing work of a house, with measurements, is furnished them, 
they will fill an order for the required amount of pipe cut to 
the proper lengths and threaded at the ends to fit the glass-lined 
joints. If the plan and measurements are correct the pipes will 
go together without trouble. They will not bear a very violent 
torsion strain, as the lining is brittle, but if the mechanic who 
Care In puts them in — preferably a gas and steam litter — uses his pipe 
' tongs with judgment and expends no unnecessary energy, he 
will find the setting up of a line of glass-lined pipe a 
safe and easy matter. Pipes of this kind should be well pro- 
tected from frost, as they are likely to be troublesome if allowed 

^^^p<>«"® to freeze. I am infonned that water held in glass-lined pij^es 
will bear exposure to a temperature 14 Fahr. below that which 
would freeze water held in lead pipes. I cannot say from per- 
sonal experience whether this is so or not, but I have it on good 
authority and am quite prepared to believe it, as there is a film 
of plaster of Paris between the iron and the glass. 

Enameled Of enameled iron pipes there are a great many. Some that 

Iron pipe. r i t?ii 

I have seen were no better for the "enameling" they had 
received, which was nothing more than a shiny coat of baking 
varnish ; others are evidently well protected against corrosion. 
The best pipe of this kind which has come to my notice is cov- 
ered inside and out with a thick, elastic enamel which has 
szperimentai resisted all the tests to which I have thus far subjected it. In 
other and more competent hands it has been subjected to vari- 
ous severe tests with acids and alkalies, to boihng in water— 
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e and charjted for experimental purposee witli varioua Ra]te 
-and to the action of gj!s?s. In all cases tlie results were eat- 



fliposito " pipes, made of alloys of two or more metals, c. 
t arc three or four in limited use. Those which I have "' 
Km and tested have nothing to recommend thetn. One was 
kdlv made of very impure and inferior lead, and another, to 
"whicli my iittontion wa» attracted by the announcement that it l. 
wa* '* the ionfi-flought and much-needed sanitary ecrvioe pipe, 
vliipli will deliver pure water and never wear out," I found to 
B principally lead. 

t Brass nnd copper tnbcs have, in some instances, been used as ^g 
3 pipefl. chiefly in and al)out Doston. Two or moi'o large " 
8 nrtt engaged in the manufacture of these pipea, which are 
ipipally used by engine builders for the conveyan^ of 
1. They are washed with tin inside and out. inside only, 
t at all, according to the fancy of the buyer. They are 
;ht, strong ind very durable, but I should not consider Ihem 
1 adapted for the conveyance of water for domestic use. 
B coating of tin has no appreciable thickness, and would not 
5 protect tlie braiw and copper from corrosion, and the salts 
t Uiese metals are poisonous. From recent inquiries I learn 
tat they arc going out of nse in plumbing work, and that 
Siere best tnow^l they are regarded with least favor, 
I Tliere are still other kinds of pipe in the market, but their 
mployment for the conveyance of water is so limited that it is 
wly worth while to describe them. 

am the foregoing it will be seen that as regards material o, 
e is a pretty wide range for selection. A careful examina- '^ 
kin of the facts presented in Chapter VIII will further asaiat 
s reader in forming a correct opinion as to the kind of pipe 
pted for use nnder given conditions. 
1 putting in a system of service pipes the phimber should 
•ve certain general rules, which cannot be disregarded with 
iafcty. Primarily, he must see that the whole system is so 
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Emptying arranged that when the supply is shut off every drop of water 
in them may be drained out. To be able to empty the pipes is 
a great advantage to the housekeeper, and if judiciously 
availed of, will often avert much damage to walls, carpets and 
furniture. Unless fully protected against freezing, the water 
When desira- of a liousc should always be shut off at night and the pipes 
' drained in very cold weather. This is inconvenient and dan- 
gerous, I admit, but it is less so than a protracted stoppage of 
the water service from ice in the pipes, which gives rise to con- 
ditions vastly more unsafe, regarded from a sanitary stand- 
point, than any likely to result from a stoppage of the service 
at night. 
shofUdbe To SO pipe a house that it may be drained dry requires judg- 
^"inpiaMunient and skill on the part of the plumber; in some instances 
which have come to my notice it would have been practically 
impossible had the plumber not received the intelligent co-oper- 
ation of the architect. It would be difficult to give any rules 
for the piping of a house which would admit of general appli- 
cation, but a few suggestions on this point may be of use. 
Branchea When tin, tin-lined or lead pipe is used, all branches from 
'continuous the Vertical lines should be given a continuous support and 
support, g^^i^ ^^ inclination that they will drain into the main service 
pipe with which they connect. The continuous support, which 
is secured by laying them upon slielves, obviates the otherwise 
8ag». inevitable formation of running traps. The sagging of pipes 
results from expansion and contraction incident to changes of 
Expansion temperature. When the metal warms from any cause, it cx- 

and con- ^ . . ... 

traction, pands. As it cools it contracts, but does not return to its origi- 
nal shape. Lead is heavy and soft, and the force with which 
it contracts is expended in stretching the metal, which requires 
less power than to lift back into line the part that has sagged. 

^^J®^^* This phenomenon is forcibly illustrated in the "creeping" of 
lead sheets laid upon roofs with even a slight pitch, in Great 
Britain and some parts of Continental Europe where lead is 
used for roofing purposes. The expansion of the lead when 
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med by the sua is in the direction of the eaves. When it Lradroofa. 
mtracU a^in tbc abeet ducJi not come back to its original 
■iMitioci, bat tbc nppcr edge is drawn down, polling out, in 
nnt, tbv tiailit with which it is held or tearing loose from them. 
Pltis Kruoping goes ou until the lead hae slipped off the roof — 
B progress being much like that bf a measuring worm. When anDportin; 
r other stiff pipes are used, a continuous support is proba- '"""^ 
By nnneeessary, but the hooks by which they are lield in place 
polled clasp it loosely at frequent intervals. Vertical lines of 
tod, or lead-incaaed tin pipes, art; su]»ported by lead flanges, 

ically kni.iwn a& " lacks," wldch are soldered fflfit to the t>cu. 



FIB-.7. 

BpM and held to contiguous woodwork by screws. In good 

lorfc Iiorizonlal lines of lead pipe are provided with continuous conUBninu 

li ffiih«tantial support, and in some of the best jobs I have 

, with continuous safes to catch and dispose of leakage. 

"bon lead or tin pipes are laid under floors or in other posi- 

\cma nearly horizontal, with only such support as is svcured by 

isiunol tucks, pipe hooks or loops of sheet metal nailed to 

K>r timbers, they are almost certain, irom the causes nien- 

^ned, to form a succession of running traps, as shown slightly Ronnint 

^crated in Fig. 17. It may be accepted aa a general fact 

tat any stretch in lead pijjc, doe to expansion or the stretching streteb. 

f tlie metal by its own weight, will be a permanent addition 

f its length, and when running traps are formed, aa shoMH in 

17, the pipes cannot be drained. Any defect in the 
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arrangement of the pipes which has this result may give rise to 
serious mischief. I saw an example of this a few years ago in 
Exampteof one of the most elegant residences in New York. Owing to 
nuutthip. the absence of the family at Washington the house was not 
occupied during the winter, and the water was shut off and the 
pipes drained. In the spring, when the water was turned on, 
a leak was developed, and before it could be reached and 
stopped it had destroyed a superbly frescoed ceiling and side 
wall, ruined a valuable carpet and done injury to the value of 
many thousands of dollars. Investigation showed that at some 
time a change had been made in the pipe system of the house 
and a branch pipe had been cut off. Instead of taking it off 
close to the main service pipe, the plumber had left about a 
foot of the branch connected, and this had been borne down by 
its own weight until it hung suspended, pointing down toward 
the parlor ceiling. This had remained full of water, had frozen 
during the cold weather and burst, and when the water was 
admitted to the pipes it rushed out at this point with the results 
above stated. A little carelessness on the part of a plumber 
resulted in a damage greater than he could have paid for with 
the savings of years. 
Importance Service pipes should be accessible throughout their entire 
**' *wmy. length, so that a plumber can make any needed alterations or 
repairs without ripping uj) floors and making work for the car- 
penter. Plumbers are very good at this kind of work, and 
judging from the vigor with which they attack a floor or wall 
with whatever implements are most convenient, I should say 
that tearing up houses was congenial and agreeable occupation 
Needless de- ^^ uiauy of them. Architects should guard against such destruc- 
^ waiifl and ^^^^ ^^ ^voodwork and plaster by arranging the floor in such a 
iioow. ^yjj^y ^]^g^^ ^ pjpg ^^y^ j^g rcachcd without difficulty or delay. 

I would as soon think of trusting my watch with a blacksmith 
to put in a new mainspring, as give a plumber a carte blanche 
to operate on the woodwork of my house with a saw, hammer 
and cold chisel. 
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In piping a house witli iron, the work belongs to the trade of Pipin« 
a and etuum tittiiig rather thau that of plumbing. Tliese are 
ra part of the plumber's trade, however, and the expert is 
wcted to know how to work on iron as well as lead. When 
1 pipes are used, no especial precautions are necessary except 
B that every brancli is given a sufficient descent from the 
bit of discharge to tlie main service pipe- There is no trou- 
lil« in eocuriiig this if the house is planned with intelligent 
reference to the proper arrangement of the pipes, but pluuiljera 
are often botliered by serious difficulties wliieh the architect 
should have foreseen and provided for in bio plans. It often Erronnmd 
iiappcns, however, that the architect is conii>eIled to modify his ^ pton™ 
H at the last minute to bring the plumbing uf the house 
un the seope of human ingenuity. The lack of a practical 
towledge in sucli matters, to which a great many arehttecta 
; confess, accounts for much of tlie unsatisfactory work 
BIB by plutnbere. 
■ To 80 arrange the service-pipe system in a house that, so long The uniribu 
I tlie average pressure is maintained in the street mains, or turoaiib 
pin supply pipe, we shall have a constant flow, Lf desired, at 
hy and every cock and closet valve, is one of tlie refinements 
I tho plumber's art wliich does not come within the knowledge 
I a majority of those who claim to know tbeir trades. Cer- 
inly it i« a desideratum for which comparatively few arcbi- 
H know how to provide without adding greatly to the cost 
f tlie plumbing work in a house. As a conset^uencc, tlio ser- iDtprnunimi 

J pipes in u majority of houses are so arranged that when a fl«u«. 
>ek is o|X!ned iu the kitchen or on the parlor floor, those soek- 
: to draw water on the floor above must stand and wait 
Itiently until tlie cock below is closed, the pipe refilled and 
B flow resumed. This often entails great inconvenience, and rmiaibMi 
I sometiraes attended with danger, as fool water-closets may 
^left nnflnshed and forgotten by those who, at the moment 
i Qsing, cannot get a flush. Wbeu closets are flushed from 
inks, whicJi they should bo under all circumstances, this dan- 
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ger docs not exist, but in the case of those flushed through a 
branch of the service pipe, the danger of neglect is, as before 
shown, further increased by the certainty that if the valve is 
opened when the flow is stopped in the service pipe, the column 
of water held up in the pipe by atmospheric pressure will at 
once drop, and foul air charged witli organic impurities will be 
drawn in through the water-closet basin to fill the vacuum, 
inconveni- But wcrc thcTc uo danger to be apprehended, the inconvenience 

6QC6S Ox Ai«iii • 11* ■! 'I'ji* 

defective wa- which thosc experience who live in houses piped m tJr.s 
terserrice. gj^y^j^iy ^j^^j imperfect way, should lead to a reform. For the 

architect and the plumber no other consideration need have 
weiglit than that a house thus piped is, at best, a botclied 
job. The water pipes can be so arranged that with but little 
added cost we can liave a constant supply of water for every 
floor to which itu head will carry it. The reader will under- 
stand, of course, that these remarks do not apply to houses in 
which water drawn above the kit<jhen floor is supplied from a 
tank to which it has been elevated by a force pump, but only to 
those so situated that a distribution is effected by reliance upon 
the pressure due to head in the mains. 

Tapping a re- The plan wliicli first occurs to mind, and which was proba- 
turn pipe, j^ly ^^rliest adopted, is that of carrying the service pipe un- 
tapped to the highest point at which a service is desired, and 
connecting all cocks and branches with the return pipe. This 
plan can be adopted with safety only under exceptional condi- 

condit ons of ^^^^^* Wlicu wc are sure of ahead at the sour jc of supply 
successful gxiflicient to raise the water, under all conditions, to the turn of 

operation ' ' 

the pipe, it will work very well. For example, in a countiy 
house supplied from a reservoir or constant spring situated on 
a hillside above the house, we could follow such a plan without 
danger of inconvenience. In cities, however, we are likely to 
have trouble with it, as the head varies, sometimes through a 
pretty wide range, and when it falls below the level of the bend 
in the pipe we are likely to have trouble. For the supply of 
cocks below the level of the head, the water will continue to 
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^pbuu over the bond, but when, during this period of low 
prLWsurV) n cock above thu level of tlie liead is opeiierl by acci- 
dwtit or dofilgn, the syphon is broken, tlie pipes empty tiieiu- 
M>lvcs uul tlic water is cut off from the houBu until tho bead 
risee. We must, tlierefore, have an air cook at tho benil, and ^ 
Ujo trouble of giving this proper attention at the right moment, 
■ml tho danger of having our water supply cut off at times 
when tho head would bo great enough to maintain ii service on 
two or three floors, render this plan niidesinible Utr adoption in 
city houses. It, also entails the expense of a double service pipe, 
and niniiers ditHenlt and truublesonie the often ueeeesary expo- 
dicnt of emptying the pipes when danger from frost is (ippre- 
Uended. Tlie emptying is easy enough, but tlie refilling and 
rewtabli^bment of a flow through the pipe often involves some 
trouble. For these reasons the plan cannot be recommended 
for goncral use. 

Another plan, which gives each floor a separate service pipe. a. 
is free from objection save tliat of expense. In a very well 
built house whici I lately had an opportunity of inspecting, 
the connection with tlie main was made with a S-ii"'!" tap and 




■ }-inch A A pipe carried down below the frost lino, Tlii;* 
I extended to the stop and waste cock just inside the cellar wall. 

From this point the water was carried to the rear wall of tiio 
I eellar, wuie 5" or CO feet, by means of a 2-incb AAA- From 
f this a Boparate line of |-ini'h A A pipe was carried up to each 

floor. In the drawing (Fig. ISj, A is the connection with the 
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main ; B, the stop and waste cock ; C, the 2-inch main service 
pipe ; D, the supply for the kitchen and basement ; E, the sup- 
ply for the parlor floor, and F for the second floor. Though 
not in a very elevated position, a constant service could not be 
secured above the second floor, so the third and fourth floors, as 
well as all the water-closets in the house, were supplied from 
an elevated tank in a closet on the fourth floor, which was filled 
by a double-action pump with a vertical lever handle. Water 
was supplied to this pump by a 1-inch pipe connecting with 
the main service pipe at G. This system worked perfectly 
under all conditions, and has no objection except the considera- 
ble additional cost of pipe. 

itaadTan- The theory of this arrangement is that by enlarging the pipe 

^^^^* in the cellar we diminish the friction and facilitate the flow to 

such an extent that we secure a considerable increase in the 

amount of water available for house service. I frequently meet 

plumbers who find difiiculty in understanding what advantage 

can be gained from using a large service pipe, as the amount of 

water which comes in through a five-eighths tap is, they insist, 

no greater than will flow through a five-eighths pipe. This is 

Relation of an error. While the amount of water which can pass through 

'*dSS^r ^ p5p^ bears a certain relation to the diameter of the pipe, the 

<^hare^ length of the pipe is in most cases quite as important an ele- 
ment in the calculation. For example, the area of friction in 
a 1-incli pipe is 3*1 square inches per lineal inch. In a 2-inch 
pipe the area of friction is 6*2 square inches per lineal inch. 
In the case of the inch pipe, however, the volume per lineal 
inch is only about '7 of a cubic inch ; whereas in the 2-inch 
Prictionai re- P^P^ ^^ ^^ 31 cubic inclics. Xow, in passing a given volume of 
smSrr*^ water through a pipe under a given pressure, it is evident that 
a much greater frictional resistance will be encountered in a 
1-inch pipe than in a 2-inch, and that the aggregate of this 

Short and resistance will he in proportion to the length of the pipe. It is 

ong pipes. ^ ^gii_^s^abli8hed principle in hydraulics that very much more 
water will flow through a short pipe than a long one under a 
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iiven head. To state this exactly: With a given pressure the 
li^'Jiarg© is inversely aa the square root of the length, or the 
Ti-ftli variee uivcrselj' as the square root of the quantity dis- 
(liirged. Thas. for discharges in the rat'os of 1, 3 and 4 
_mII«i», llio IcJigtlis of pipe would be as 16, 4 and 1— tliat is to 
lv, a pipe 16 feet long discharging 1 gallon in a given time, 
.1 1 >nldj if 4 feet long, discharge 3 gallons in the same time, and 
■> 1 foot long would discharge 4 gallons, the pressiire in each 
1.-H! being Ihe same. Applying this rule to the case under dis- 
iisjiton. we way assnme that by reducing the length of the 
:ne-eighlli8 pipe connecting willi the main to, say, 20 feet, we 
^■■t a flow through it nearly twice as great as we should liave 
' ore it carried back the whole 70 feet. To state the difference 
■ \actlr. if 70 feet of five-eighths pipe discharged 4-47 gallons 
ri a given time, 20 feet of five-eighths pipe would discharge 
-•-;ifl gallons in the same time, the pressure in both caees being 
ilio same. The shorter we can make our five-eighths pipe the 
iii'ire water wo shall have, and if we could cut it down to one 
i>r two feet wc should get as much water through it as 80 or 90 
fe«t of 2i to 3 inch pipe conld carry away. Now, by increasing rbuhh 
the diameter of the pipe we also increase its capacity in a very J^'^I^^"' 
rapid ratio. With pipes of an equal Icngt.h, Laving diameters"'"^*"'** 
"f 1, 2 and 3, the quantity of discharge will tje as 1, 56 and 
lb-6 reepeetively. In other words, a pipe to discharge three 
as much aa another pipe needs to be only a liitU' more 
otie-half greater diameter. To be exact, a pipe 1'55 inch 
Imiueter will discharge three times as much water as a pipe of 
1 iueli diameter. It requires no fnrtber explanation to show 
that when we shorten our f-inch pipe to the limit allowed by 
iw and increase the diameter of the pipe leading from it, tfie 
of water will Iw enormously increased, notwithstanding the 
that we have only a five-eighths tap and connection with 
to begin with. By making nse of this principle, it is 
ble to pipe a house upon a plan very little more costly than 
commonly followed in average city liouses, and yet secure 
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a much greater supply and a better distribution than is nsuallj 
found, 
piateizanda. In the illustration marked Plate 2, is shown the service-pipe 
system of a well-arranged city house, which will be better im- 
derstood from an examination of Plate 1, showing the plan of 
each floor, with fixtures. The architect under whose direction 
the house was built has given special attention to the subjects 
of drainage and water service, and is one of the few in his pro- 
fession who know how to distribute a water supply in such a 
way as to have a constant service at every cock. The drainage 
system of the house is shown in Plate 3. 
De«sription As sliowu in Plate 2, the house is of the usual style of city 
of bouae. JJ(J^ggg^ cousisting of a Cellar, basement and three stories above 
ground level. There is also an extension in the rear two stories 
high and about half as wide as the main house. This extension 
contains a laundry with four tubs, servants' bath and water- 
closet on the basement floor and a dining room above. The 
fixtures in the house may be described by floors as follows 
(see Plate 1) : 
Fixtuiw Basement — Two water-closets, four laundry tubs, one bath 
and one basin, besides the usual kitchen fixtures. 

Parlor* Floor. — A butler's pantry, with one sink and one 
basin. 

Second Floor. — Two water-closets, one l)ath and five basins. 
Third Floor. — One water-closet and four basins. 
Main service Tlic watcr is brouglit to the house by a ^-inch pipe, extend- 
bramj^s. ing from the tap in the street main to the stop and waste cock 
inside the cellar wall. From this point it is enlarged to IJ 
inch, carried through the cellar and to the top of the kitchen 
boiler. All branches for a cold-water service at basins, baths, 
closets and wash tubs are made with ^-inch pipe. 

From the level of the boiler top the main service pipe is 

reduced to 1 inch, and so continues up to the level of the sec- 

Reductionin ond storv, all branches, as before stated, beine: one-half inch. At 

size of pipe. . , . . . . 

this point the main service pipe is reduced to three-quarter inch 
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-ml oxtVDcle acrofis the house under the eoeoiul-story floor. As 
'■' riMa ti> tlio third Htory it is reduced to five-eightlis inch, niid 
- then hraiiohed to supply two of tho basins on tliut floor. Tho 
iher liasiii 'm mipplii-d hy a J-Iiidi pipe, carried np from the 
I-inch pipe on thu ttoor lit-low. 

"he disCrilmtiun of the hot water is effected in the same h 
Mr. FolloViii" the general line of the cold-water pipo, as de- 
■ibed, it begins at the boiler with 1 inch diamotwr and is 
] to tlie level of the sceond story. As it turns to croKS 
( eecotid story floor it is reduced to tliree-tiunrter inch, all 
baches being one-half inch, an in the case of the cold-water 
All the fixtures below the level of the boiler are Blip- 
1 through a i-inch line, wliieh is branched in the uenal way. 
8 pve« tlie smallest amount nf main hot water service pipe 
1^' tbu floor where the pressure is greatest, while on the upper 

8 the diameter m greater to offset the diminished preEsnrc. 
6 circulating pipe extends from the 1-inch pipe on the second ci 

lor down to the branch which ends at the sediment cock. 

%n pipo is of one-half inch diameter tlii-oughowt. 

hit will be soon at a glance that the size of the main service 

9 is in propfirtion to the quantity of water to bo delivered 
Ifoad any given point. Tiio relative capacity of the diflferent 

s of pipe nsed may be tabulated as follows, the figures oppo- 
B tlio diameters showing their area in inches and decimals : 
Mtar, inches. Aroa. inches. Diamotor, inchea. Area, inches. 

li 1-33 I t -.lo 

I --s i la 

I a I 

U going downwanl from a given point the rcdut-iion would 
larily bo very rapid, because tlie con-stant increase in the 

ware would have lo bo equalized by an increased friction. 

S explains why, in Ilie basement, a half-inch line is all that is 

ideii to supply hot water to all the fixtures. 
Iho pmctieid plumber does not need lo be told that it is but 
B8, if any, nioro expensive to pipo a house in this way than 
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AdrantagM. by the metliod commonly employed. The advantages, hair- 
ever, consist in the difference between a distribution which will 
permit every cock in the house to run full bore at the same 
time, and one in which a flow at one point cuts off the supply 
from points in the main line and its branches above or beyond. 
The plan we have described admits of such modification as will 
adapt it as well to one style of house as to another. Its essen- 
tial features are : 

EMonttaifea- 1. Where the size of tap and connection with house is pre- 
plan, scribed by law, making said connection as short as possible. 

2. Increasing the diameter of the pipe as soon as the law per- 
mits, and carrying it without reduction beyond tlie point where 
the greatest quantity of water is needed. 

3. For the sake of economy, reducing the pipe gradually as 

the number of branches 
to be supplied diminishes. 

4. Making branches as 
small as will deliver the 
quantity of water needed. 
In most cases one-half 
inch is suflBcient, and in 
some cases three-eighths 
will answer. 

The maintenance of an 
abundant service of hot 
water through a house 
presents few difficulties 
' to the practical plumber, 
and the suggestions which 
I shall have to offer on 
this point will occupy but 
little space. The theory 
of heating water in a 



Hot-water 
senrice. 



The theory of i '-'^, 
the water '^ ""^ 
back. 




^"'^ 






Fig. 19. 



boiler by passing it through the water back of a range is gen- 
erally well understood, but inay be briefly described for the 
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information of non-professional rcadere. In the illustration 
msirkud Fig. 19, the boiler is fed with cold water tlirongli the 
[lipe D. untering at the top and extending down inside the 
'x'ilor as indiciited by tlie dotted lines. Conseqnently, all the 
water which comes into the boiler cold is discharged into it near 
tiie bottom. Being heavier than warm water, it remains at the 
imttora. Through the pipe B the water is supplied to the water en 
ii;ick of the range, and thence passes back into the boiler through 
ifie pipe .\. The onlflow from the bailer to the hot-water cocks 
IS tlirongh the pipe C, connecting with the top of the boiler. 
Without applying heat to the water back, we should have 
merely a boiler with its connections, including the water back, 
full of cold water, which, of conree, would stand motionless. 
U'licn wc apply heat to the water hack, however, we compel a 
ircnlation throughout the boiler, the water back and tlie pipes 
«MMli6Cting them. The reason for this enforced circulation 
bo Been at a glance- "Wljeii water is heated it has the same 
lency to rise which air manifests under like conditions. In 
a closed vessel we should only have ebullition, more or less 
violent according to the degree of heat imparted to the water. 
lo tiic case of a water back, however, which has an inlet and 
an outlet, both below the line of the head, the heated water in 
its npward flow passes out through the pipe connecting with 
the boUur and is replaced by water from the boiler — its course 
ia the water back being indicated in the drawing by the cnrved 
arrow?. Thus a constant circulation is maintained into, through 
and out of the heated water back, which is slow or rajiid in 
proportion to the rapidity with which a high temperature is 
irapnrted to the water. 

It will be seen from an examination of Fig. 19 that the piiKi b 
wbich carries the water from the boiler to the water back is 
connected with the bottom of the boiler, while that which car- 
ries the water from the water back to the boiler discharges into 
the upper part of the boiler. This is done to insure tlie main- 
tenance of a circulation in the boiler. By placing the hand 
upon a boiler when a fire in a range or stove maintains a circu- 
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lation through the water back, it will be seen that the upper 
part is hot and the lower part cool — or at least much cooler 
than the upper part. As the outflow from the boiler to the 
various cocks connected with the hot-water service pipe is al- 
ways from the top, it is obvious that the supply is drawn from 
drcuiating the warmest stratum of water in the boiler. Now if, as we find 
^ ****" in private houses scientifically piped, the pipe which carries 
the hot water from the top of the boiler through the house is 
brought back and again connected with the boiler at or near the 
bottom, a circulation of hot water is maintained throughout the 
house. The hot water rising within the boiler is replaced by 
cold or cool water flowing into it at the bottom, and is carried 
into and along the pipe by the pressure of hot water rising 

siMofcircu. behind it. The pipe by which this circulation throughout tlie 

firppo". jjQ^gg jg maintained is commonly of small size. Under average 

conditions half-inch is large enough. The way in which this 

pipe is connected with the hot service pipe and the boiler is 

shown in Plate 2. 

AdTantages The advantages of a circulating pipe are twofold. It per- 
ox drcuhjWBg ^^j^g ^YiQ water cooled by the radiation of its heat as it passes 
through the hot service pipe to return to the boiler, thus mak- 
ing room for the hot water which follows it. This keeps the 
pipe from becoming cold, and obviates the necessity for empty- 
ing it when warm water is wanted on one of the upper floors. 
It also maintains a more equable temperature in the boiler, and 
tends to relieve it from undue pressure. In proportion as the 
temperature of the water in the boiler is raised, its flow through 
the circulating pipe is rapid, and the loss of its heat by radia- 
tion from the pipe will usually keep the temperature in the 
boiler below 212° Fahr. 
Sags. In providing for such a circulation, care must be taken to 
guard against sags. If the pipe drops out of line its own 
diameter, the circulation will be very slow and uncertain, if it is 
not stopped altogether. It is, therefore, especially desirable to 
give hot-water pipes, if lead or tin lined lead, continuous sup- 
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port wlifii eurriwl iiuder floors. If laid upon shi^Ues, any 
strcU'ii due to expansion will be provided for without iuterft-r- 
iug witli the circulation. 

1» connecting a boik-r with a water back, it ie a good plan tr> cosD«ctiiu 
make the upper pipe a little larger thim the lower. For esani- wwar tiuut. 
pic, if ft-ioch pipo is eniplojed to carry water from the boiler 
to the water bticb, J-incli pipe flhould be used to carry the water 
ffoiri the water back to the boiler. This gives a free flow and 
promotes an active circulation. It la customary, I believe, to 
make botii pipes the same size, but an important advantage will 
be found to attend tlie use of two sizes of pipe, as suggested. 

Tlie boilers moat generally employed in good work are of cop- Bouon 
per, tinned on the inside. These are probably the beet, as they 
.t."e lighter, and stronger in proportion to weight, than those 
!ii.ide of any otlier available metal. Black iron boilers, tlioiigh 
u^ed to a limited extent in some cities, are no longer employed 
in the best plumbing practice, and galvanized iron, though 
eomuwhut extensively used, are not to be recommended for 

\tiB elsewhere given in detail. Kitchen boilers are notApcidenti 
illy subject to dangers of any kind, Imt prudence suggests '"^■"^ 
adoption of prei^utions against explosion and collajise. 
len supplied from tanks, an air pipe carried up to and bend- 
(rt"er the tank ^ves (he requisite security. ^Vhen tilled 
from the mains this precaution cannot be taken— unless 
ia possible to carry the pipe above the point to which the 
;er would rise under any possible condition of head or pres- 

For soch cases vacuum and safety valves are made, but Ta-miuDud 
they are not calculated to inspire the impartial mind with un-**'**'"'"^ 
limited confidence in their efficiency. They arc made of brass, 
iFid OS they are commonly allowed to remain untouched for 
n.sirs. tliey are very liable to corrode fast in their seats and, 
.1 my experience, are seldom ready for prompt action at the 
ii'tment of emergency. Probably they are of little practical 
i.e. I never heard of but one authenticated case of explosion Eipioiioiu. 
a kitchen boiler in this country, and that took place under 
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coiupu^ very peculiar circumetances. CollapeeB are more frequent, bat 
arc rarely attended with any worse conBequencee than those pro- 
duced upon the toilers. Tliey result from the creation of a 
vacuum in the boiler by the condensation of steam when there 
is a sudden and strong inflow of cold water. If, when water 
is shut off from the house from any canse, the hot-water cock 
nearest the boiler is opened, and left open until the supply is 
turned on again, there is no danger of collapse. I have no 
desire to discourage the use of safety and vacuum valves, but 
if used and depended upon, they need to be frequently looked 
after to see that they are in good working order. 
wucTtrom Generally speaking, watet drawn from kitchen boilers should 
not be used in culinary operations. Indeed, there would be 
very little temptation to do so if the condition of the inside of 
boilers could be seen. They are commonly deeply incrusted 
wctcicccki. and usually very foul. In good work a waste pipe with a cock 
is provided, to empty the boiler and discharge the sedi- 
ment. I have no doubt that a great deal of foulness, which 
would otherwise be retained, passes out 
when the sediment cock is opened, but 
from the condition of boilers I have seen 
taken down and opened, I am very cer- 
tain that vastly more remains in than 
passes out. If the pipe which supplies 
cold water was closed at the end and 
perforated for six or eight inches, it 
would fill the boiler equally well and 
wash it out a great deal better. This 
arrangement is shown in Fig. 20. 

Of cocks, or faucets, it is scarcely neces- 
sary to speak particularly. They are made 
in almost unlimited variety, and there 
are a great number of patent cocks, some of them self-closing, 
which are competing on about equal terms for popular favor. 
Btfmtionof Concerning them all it is only necessary to say that the best 
qnDiit)-. arc, as the rule, the most economical. Tlie efEort of a majority 
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of inalcers now Reetns to be to compete in clicapneBS, rather 
than in oscellence, and hs tiie conaeqnenee the market is flooded 
with cheap cocks in uncounted variety, which are very flimey 
affttire^ Those wlio want a good article, however, can always 
■find it if tliey buy of responsiblo dealers and pay the price of 
gnod materials and workmanBhip. 

In piping a bouse, it is of the utmost importance that intelh-ProwcHnt 
gent meafiurcE i^hould be taken to protect the service pipes from tMatntt. 
frusL Nearly one-half of our country is every winter exposed 
t<i Uimperatures ranging from zero down. Searchina; winds 
nggnivale the discomfort of the cold and penetrate every 
comer of our houses. For several months of every year we Hoiiae»not 
_'iliave in the Northern States a semi-arctic eb'mate, and as we do «™tiiar. 
tot commonly build our houses with a view to making them 
irafortably habitable in very cold weather, frequent stoppages 
if water service from the ice in the pipes must be expected. 
lie houses where the plumber is not needed after every winim 
cold snap" are few and far between. Plumbing is often pimubci*. 

s if summer was expected to last through the whole year. 

'or this rea^m the plumber receives In cold weatlier a larger 

lare of honest, hearty abuse than any other mechanic con- 

lected witli the Imilding trades. I am not prepared to say that 

,uch of this abuse is not well merited, for a great deal of the 

[trouble experiencod in winter from the freezing and bursting wur pip" 

rf service pipes is due to bad workmanship or to ignorance — 

both. In New York the trouble begins about Christmas, 

and nnlese the season is unusnally mild, it grows steadily worse 

until the warm spring sun brings relief, when the long inter- 

rnpted flow is resumed and the plumber comes to do his final 

patching up. During and immediately after a "cold snap" in 

■Tannary or February, our streets present a curious appearance. 

At frequent inlcnalfi we see groups of laborers tearing up the Eipenen(« 

;venient, or building bonfires to thaw the ground enough to 

(rmit them to expose the buried pipes. During the winter of 

,874 I saw a9 many aa a dozen such groups on one block in the 
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upper part of New York, and while the effect upon the eye was 
picturesque, the effect upon those compelled to pay over and 
over again for the same work, which never should have been 
necessary in the first instance, was not all that could be desired. 
Probably we shall see the same thing every cold winter for 
years to come, and while the public misfortune will bring 
profit to the plmnbers, it will not benefit the trade in the long 
run. 
swutoByenis Regarded from a sanitary standpoint, the evils of depriving 

ot GUI Inter* 

ruptedwatcra city liousc of its Water service are almost incalculable. The 

* first and most important of these is the impossibility of flushing 

the water-closets and renewing the seals in waste-pipe traps. 

Foul water- The inconvenicncc suffered, great as it may be, is of small con- 

sequence compared to the danger of sewer-gas poisoning 

(especially in the absence of adequate soil-pipe ventilation), 

V carid the nuisance resulting from the accumulation of foul 

seoondaryde- matter in watcr-closcts. A mass of healthy human excrement 

oompoaltlon. ^ ^ *' ^ 

is an offensive, but not necessarily a dangerous, nuisance ai 
first, but it commonly becomes so in from 36 to 48 hours, and 
when houses are without water for a week or two at a time, 
the unclean water-closets may become the source of widespread 
infection. When water has to be brought into a house by the 
bucketful, very little of it is commonly used for flushing 
water-closets or for the replacement of seals in waste-pipe 
traps, which, in the absence of a regular water supply, have 
fafluences l^ecn rendered foul by the absorption of sewer gases. Winter 
the aecurity is thc scasou in wliich tlic air in sewers acts with greatest 

of water seals . . i i . /. i 

In winter, pressure upon the seals m traps, owmg to the closing of the 
ventilating holes in manhole covere by ice, snow and mud. It 
is at this season that our traps and seals are least able to with- 
stand the effects of this back pressure from the sewers. 

Service pipes freeze from causes easily recognized and almost 
always remediable. Commonly, cheap workmanship and igno- 
rant planning are to blame. Plumbers may do a great deal 
toward preventing this freezing ; first, by giving their patrono 
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Bircdtioiie as to llie best niethodB of protecting iiidividiui! 
a according to the clrciim stances of the i!afle; and.scL'0Md, 
ij have a job to put tip, doing it lu sudi u wiiy thut 
using of the water Jii service jtipes is guarded agiiiiist. 

e are a great inan^ liuuees wbi^ru tlio pliiuilier, liy a litlli.- J' 
roful planning und tlie putting in of n few Bafeg^iurdu in tlie 
f of waote ewks, or by jacketing pipes witli a non-condnct- 
f coat, can prevent the water supply from being cut off by 



[> prevent the freezing of water in exposed pipes, reconrsc ^ 

t oom in only bad to tlie exjxidient of maintaining a constant » 

low from indoor cocks. A circulation ie thus kept up wliicl], 

f but extremely cold weather, will keep the pipes open. 

B is a very easy expedient for the individual liouseholder, 

t when it i* followed in half the houses of a large city during 

I greater pait of a cold winter, the expense to the public 

wury involved in paying for the enormous resulting water 

B a very serious auitt^r. Few people who liavc not cal- 

1 it have any idea of the amount of water which will nin 

one night in a stream no larger than is ntiually con- 

1 necessary to keep a pipe open in frosty weather. A n 

?ain no larger in diameter than a load pencil and running ^i 

■ntly, will easily How at the riite of 700 gallons in 24 hours. 

t a bead equal to about 30 feet, I have seen an oi-dinary 

kein cock deliver water at the rate of a gallon in throe-<jnarterB 

\ minute. This would amount to considerably more than 

1) gallons per day — a quantity more than sufficient for all tbe 

1 of a family of 20 persons. This waste ci-afj* the tax- 

9 a great deal of money, and will probably contiimc 

ihercvcr water meters are not used. Granting that sueh a 

of water will commonly keep pipes o|wn, it must be con- 

J that tlierc is no excuse for a condition of affaire which 

I it ncccseary. An architect and plumber who cannot 

Dtber pipe a city house in such a way that no interruption of 

B water sorvice from frost need be upprelieiided until the 
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street maintt shall freeze, cannot be coiiBidered masters nf tiieir 
reapective profeseioiiB. 
ptMungat One of tlic puiiits nt wliieli freezing uucaaiona mnch Iroublo 
"""iuaad, *"'' expo t ISO i» hot WWII tiie main mid the fuiinilatiou of the 
Iioiiso. This secttun of the service pipo eaii, u the rule, bo 
readied onlj- hy digging up the street or tuniielJiig from tlio 
cellar mit, both of whieh are tronhlesoiiie and expensive. In 
such cases it is sometimes possible to steam ont the pipe by 
means i)f an apparatns made for the purpose, but more or Imb 
excavation U >;enci-:i!lv ncccs=nrv, ivith the inevitable 
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panimcnt of a "nasty mnss" in front of one's door. Stnot 
mains, ospociallv in rocky soils, are often laid within 3 feet of 
the Burfuce. When the service pipe is carried straight tu the 
house from a main thus situated, it is pretty sure to freeiic solid 
wntouiw in verj- cold weather. Weeks will pass before it rliaws out 
iirieSi)^' tl'*-' natural way, and if the plumber attempts it he is likely to 
find it a costly and troublesome job. The best way to protect 
a pijte at this point, and the one which is employed by 8Qn)c of 
our Iwst plumbers, is shown in Tig. 21. The main, whieh ia 
supposed to be 13-iiich, is within about 3 feet of the surfaco, 
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t 2J feet from the paving Btones, After connection is 

kde with the main, llie pipe ia carried down 24 indioa, or 

i feet from the surface yf the stroot. The vertipiil part b. 

iiB pipe aod the tap are covered hy a wooden box. wlilcli 

ea about 5 inches above the top of the main. Tlie box is 

mads uliont IS inches fiquare, and tilled with concrete, mortar, 

tan-)iurk, or any anbataneo wliicli will exclude the frost. The 

loiita] part of the pipe in protected hy its depth below the 

AVheii this fiimple precantion la ,taken tliere will be 

ion for digging up tlie Btreot until the main shall 



i a good phin to carry tlie service pipe in under the collar c»ITT^Ile•«^ 
with a lurgo stop eock near tlie foundation wall. When bouw». 
^ticties rise against the side walls they should be provided 
waste cocks, and should he boxed and packed as far up as 
be needed to protect them from the froet. 

lien for any reason it is difficult to go deep enough *ii EnoMing 
•y tho buried pi]>e below the frost line, it is a good plan to iniMBeroDw 
it in on iron pipe large enough to leave nn air space all 
id. In this case it is very easily and quickly thawed out 
steam. 

plumbing warehouses, factories, and other large buHdings 
(Jeep cellarB and snVcellai-B, it is often neeei«ary to carry 
service pipe acrot's open areas protected only by gratings, 
Ifcich are left uncovered to admit light. When this is neces- jKimint 
the pi|>eB should be warmly jacketed in some way— either tn.TOniB 
^boxing in sawdust, or wrapping with felt or other thick, """"""^ 
fabric. Inside a house tliey shotdd bo e^irried up in 
irm, sheltered corner, where they will never be exposed 
freezing temperature. As already stated, stop and waste 
:b should ho provided, and the pipes should bo so laid and 
|)ported that rliey can be drained dry. In bulldingii improp- 
pUnned, it is not always possible for the ]vlumber to cor- 
t the original mistakes of the arclilteet without nndcrlaklng 
extensive and costlv alterations than the owner or tcniint 
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is commonly wiUinj: to pay for. He can, however, do much in 
Precautions this direction by adopting the precautions suffffested. There 

against J r g r oo 

tneMing, are many ways in whicli freezing and bursting can be guarded 
against. The first and best is to liave the pipes taken from 
cold corners and put in warmer positions, where they will not 
freeze. This will cost something, but it is cheaper in the end 
than paying for frequent repairs. This remedy is positive and 
effectual. When this cannot be done, a little contriving will 
enable the plum])er to stop up holes, cover the pipes and thus 
protect them in all but the most exceptionally cold weather, 
when recourse must be had to the exj)edient of emptying them. 
coiddraoafttB Sometimes they freeze when apparently well placed, owing to 
openings between joints or cracks in woodwork, which con- 
vert the pipe boxes or the niches in which they are placed into 
cold ventilating shafts. Such openings must be carefully closed. 
When a current of cold air follows the pipes up from the cel- 
lar, they will probably freeze however placed. 

I have seen pipes in exposed positions effectually protected 
from frost during long and very cold winters, by bedding thoni 
in plaster of Paris, and have several times tried this plan where 
others had failed, with entire success. The material is inex- 
pensive, it is easily applied and presents no difficulties or objec- 
tions. 
Methods of Of the treatment of frozen pipes I shall speak but briefly. 

thawing fro- , ... . . 

sen pipes. EvcT}^ plumbcr 18 familiar with the expedient of sending steam 
through a small rubber tube introduced into a frozen pipe. To 
steam. (]o this successfully a good boiler is needed, with safety valve, 
and a fire lively enough to give a good supply of steam. Some 
plumbers consider hot water better than steam for this kind of 
work, being more rapid and convenient. Nothing is needed 
but a kettle over the tire, the usual rubber tube and a pump. 
Apparatus. The pump should have brass valves, and the piston or sucker 
must be packed with cotton, as the heat of the water will destroy 
leather valves and packing. With such a pump a stream of hot 
water can be sent directly in upon the ice. While an equal 
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ifL'iglit of live steam is many times more effective tlian hot 
irnttT, tlie amount of steam that can be ohtaiiied ffoin one of the 
hi\'ilers used hy plumbers is so small, and tlie loss from condeiisa- 
liiiii before tlic steam reaches the ice so great, that a steaily 
Kiream of hot water does the work much more . rapidly. Tlie 
Height of hot water sent Ihrougli the pipe can be made, piT- Hoiw«t«r. 
Iiaps. twenty times greater tlian tliat of the steam which the 
line biiilor and firo would furnish. In most cases, too, the 
■iiiier collects in the steam pipe, and the ice is, after all, only 
riiLiwed by a snialt stream of hot water boated aud driven by the 
-ream. The dilHeulty which bends and angles make in the use B»nita«ini 
if this system prevents its adoption in a considerable number"*^ 
ijf eases. 

When excavation is necessary, the quickest and cheapest Eicnraiion. 
mode of proeednre in dealing with a pipe leading to the street 
main is to employ laborers accustonieU to the work, and dig 
down to the pijje in two places. Then with small shovels tunnel mnneiimd. 
eacli way, cutting the eartli away under the pipe. Tlien heat 
np with shavings, straw or otlier light material. When theTh«win». 
pipe is thawed out, it will sink to the bottom of the tunnel, aud 
hy this means will probably dip below the frost line. The 
tunnel is then tilled with earth, rammed in to insure solidity, 
and the pipe will probably be safe for the fntui-e. 

These methods of dealing with frozen service pipes are appli- Tii«»taf 
cable only to lead, tin and tin-lined pipes. With iron pipes, ptnnp *"" '^'**' 
barrels, steam coils and the like, the external application of hot 
water, steam or the heat of a fire would be very dangerous. In 
iliawing such pipes it is best to employ cold water. The opera- coumter. 
tion is usually tedious, btit it averts the danger of a burst, which 
is of more consequence in the ease of an iron pipe than in that 
of a soft metal which can easily be repaired by making a solder 
joint. 

When it is impossible to prevent the freezing of pipes, 
have one other alternative, and that is to fix them so that they i, 
1 not buret if they freeze. There are two or three ways of "' 
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doing this. The expansion of water in freezing tends to force 
it along the pipe, and does not exert any considerable pressure 
upon the sides until the whole body of water is caught in such 
a way that it must freeze where it is ; then the expansion begins 
to make itself felt. It is on this account that pipes in which the 
cocks are closed by a spring against the water pressure, can so 
frequently be frozen without bursting. As the pressure 
increases the water finds an outlet. Wishing on one occasion 
to prevent the bursting of frozen pipes, I took a short length of 
large iron pipe, closed one end with a cap, and placed inside a 
three inch rubber ball. This little air chamber was tlien 

Rubber baiiB. attached to the service pipe by a collar. The collapse of the 
-ball under pressure made room for the expanding water, and so 
protected the pipes from injury. This precaution is ineflfectual 
at times, because the pipes may be " caught " by the frost at 
two different places at the same time and the water confined 
between them so as to burst the pipe. If, however, a small 
rubber tube be carried all through the service pipe, freezing 
would be rendered harmless. The smallest size of rubber 
tubing made, which has about one-eighth inch bore, would 
answer perfectly, and if the ends were taken outside the service 
contumooB pipe tliis might be made a means of thawing out the pipe. This 

^ pipe is closed at the ends when they are not taken out, and 

forms a continuous air chamber, the water flowing around it. 
This plan has been proposed a great many times, but I do not 
know that it has ever been put in practice on any considerable 
scale. An ordinary air chamber would answer the purpose 
very well, except for the fact that the air would soon be 
absorbed by the water, and then the chamber would be useless. 
As the bureting of pipes by ice is a phenomenon not gener- 
ally understood by plumbers, a few words on the subject may 
be found of interest. When a substance solidifies or freezes, 
there is always a change of volume, which usually is a contrac- 
tion ; but in the case of water and a few metals, such as cast 
iron, antimony, bismuth, &c., an expansion takes place. The 
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\]i.iQ»ion of water nt tlie freezing point is hy no means 

_ culual, but it takes place almost instantaneously, and tlie force 

vrteil at the timo is enormous. t)f tlio amount of force 

M'rtwi by freezing water we have ample testimony in the burst- 

■'.■i uf uiir water pipo6 anti other sadder calamities ; but it is a 

■ ry gimpio matter to calculate pretty accurately the amount of 

■Ti^ developed. Graaei proved the compression of water to be 

-r .portional t« the presaure; he also found from very accurate 

■.perimentB that with a force of one atmosphere, or 15 lbs., 

iiur Was compressed 0*0000a03 of its original volume ; and 

ti'twing that water exerts in expanding a certain volume a 

■nee equal to the one rp»juired to condense it to that amount, 

iiiu following simple calculation will show pretty accurately the 

uuionnt-uf force cxcrtod by water when freejrfng: 

n-0000503 : 0-1 :: 15 lbs. : 29.821 lbs. 

i'li.il 18 to say. in freezing, water exerts a pressure of about 

: '.iiOO l!)8. per square inch, which far surpasses the strength of 

i J r fitoutost pipes ; and if tf lis enormous power is exerted on the 

ii>o instead of being expended in compressing something 

hich can yield without fracture, it is not to be wondered at 

"Mit the pipe bursts. 

Tiic (jnality of water drawn from the host available Bourees fi 
t supply is often such as to require filtration. On this point a 
■"' suggest ions may be of use to the general reader. ThenianThspopnUr 
ii'» bnyn a fjltcr commonly laliors under the impression that 
ill.' water which piissus through it will leave all its impurities 
l.i'hind, lie nsos it for a few weeks and probably finds hia 
• xpectations realized, so far as he can judge from appearances. 
It works 60 well that ho gives it no attention. Presently he 
finds tliat the water is as bad as before he got his filter, and per- 
hn{>6 worse. Then the filter is condemned and taken out, and 
• IM one need talk filters to him again. The tnith is that he 
e<l out with a mistaken notion, and did not give his^Iter a 
r chance to do its work. It cannot be left to retain the 
hpnritics it removes from the water passing through it with- 
it itself becoming foul. 
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Impurities The impurities in water may be classed tinder two heads, the 
* mineral, or fixed impurities, and the organic, which may be 
animal or vegetable, or both. Under the first head may be 
classed all those substances which do not undergo decomposi- 
tion, as sand, clay, chalk, &c. The operation of these sub- 
stances is simply to stop the filter's action by making it imper- 
vious to water, the quality of the water changing very little 
even when the filter is well filled with them. With vegetable 
and animal matter the case is different. Arrested at the filter, 
these substances undergo fermentation, more or less rapid accord- 
ing to the temperature and other circumstances. The products 
of the decomposition of many of them are soluble in the water 
and, consequently, as they are dissolved pass easily through the 
filter and make the water even worse for drinking than it was 
before filtration. Take, for example, Croton water during the 
summer months and in the early spring. In the lower wards 
of New York it is found to contain sand, infusorial shells, a 
small amount of vegetable matter, and a small amount of ani- 

Foui Alters, nial matter, part of which is easily decomposed. The result 
is that when any amount of this matter accumulates in the filter 
it begins to decompose, and is quickly carried through the filter 
cither in a dissolved state or else in a more finely divided state. 
At first the filter acts well, but the more impurities it arrests 
the worse the result, for as decomposition sets in there is a 
greater quantity of matter to be acted upon. This decomposi- 
tion of substances arrested by the filter is always a source of 
more or less danger — easily avoided, however, but one which 
must be provided for if pure water is to be delivered continu- 
ously for any length of time. It will be understood that these 
remarks apply more especially to those filters which deliver 
but small quantities of water, and not to the large ones such as 
are used for water works. 

Futersiike If it is dcsircd to make a filter practically efficient, we must 
pursue the same plan we should follow in screening gravel 
through a sieve. After a certain amount has accumulated 
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■t liicJi will not i>a(w tlirougli the moshwe, the operation of Bcrocn- 
::i;: a tmpeivicd ami tlic eicvc eini)tifii. If tliia were negloeted 
I ". Iwi/i till! oicvo would become dioked and uBeleaa. For the 
uuc; n-JwoD, a filter iiiuat be eo ("onBtraetcd tliat it can be wiisliL-d 
titan, or tJie lillering incrtiiini removed and replaced with new. 
Vfiicn Hand is the medium, thia is easily nnd quickly done. 
SjNin^ and like inateriale can bu watched, :Liid if t!iis ie 
luiiuQgklj done tliey are an gitotl ne new and can lie 
a long time. Charcoal is noi easily purilied, but 
i ea*ily replaced with fresh. It ie valuable because of 
b mt powers of absorbing and dosti-oying orgaiiie matter, 
ificial Bt<mes, Bandstonei*, and other porous mutcrials of a 
niiu- nature, are good for a little while, Ijiit if under pressure 
( rcry liable to era*:!: and become useless. The fact that they 
t Bo«lIy and cannot be easily and thoronghly cleaned, la a 
latdrawbaak to their uae. Cotton cloth, closely packed, eepL'- 
illy if old and tine, wonhl probably answer a very good pnr- 
, and wouhi have the advantage of being easily and 
ifckly wasbed. For convenience and efficiency, probably 
^ 18 no material equal to sponge, tightly packed, it pro- 
I ra»t nniunnl of curface in a very small compass, and is 
J «liutic and dnrable. 

inother point to be noted is that it is very diRicnU to filter 

top when it is forced tlirough the apparatus nnder heavy 

(irrasurc and at great sp-jod. It should come through slowly. A 

!'><<t or two of head is enough, and the (jnuntity must not be. 

I irgc ae the jtores of the material would have in be so large as 

■ ;dkiw passage for dirt a* well. A ver^- fair sort of a filter 

tJi be made from two li-ineh flower jwts. Fill one with sand 

ill graveL, stopping the hole loosely, bo as to obstnict the pas- 

L-'i! "f the aand. Pack the other with sponge washed clean. 

h will lake considerable, but if much cannot be aJTorded nee a 

^Kallcr pot, and put it in tightly to ]>revent the water flowing 

^HM){h between the pieces. Sot the poi lillod with sand and 

^Hrel on lop of the other, and allow the wat^r to run througli 
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lK)th. Siicb a filter will give a good amount of clear water and 
will not require much washing. This will depend, of course, 
entirely npon the character of the water. If it is only clay or 
mnd, the accumulation of it will simply diminish the flow, 
while organic matters must, as I have shown, be removed very 
Sponge frequently. Even a cupful of sponge, tightly packed, will 
strain Croton beautifully, and probably remove the worst of 
the impurities, but it will require to be wfished often. A little 
ingenuity will enable anyone to devise a convenient and effi- 
cient filter, and if too much is not expected of it, one which 
will accomplish the object sought. The market is well supplied 
with them, and most of those offered for sale will do good ser- 
vice for a time if properly managed. 







In city honsos it ia sometimes necesairy to raise the wntcr Tiuibi m 
needed to maintain a coiiBtaut service at water-closetB, cocks, '^'"^ '"""' 
4c, into tanks or cisterns, TJic reason for this is sufficiently 
set fortli in the preceding chapter ; the methods employed in 
mieing water will lie discussed in Chapter IS. Elcre we shall 
i;'>n9idor hrlefly the vessels or reservoirs provided for the stor- 
age of water in city and country houses, and their proper care. 

In constructing a tank for the storage of water in a city coasirnrti. 
house, it is necessary to observe several conditions, none of 
which can safely be disregarded. For convenience it should bcanauid 
of size sufficient to supply the average consumption during at '*'**^"'' 
least twelve hours. This is not imperative, perhaps, for it can 
!«:■ iitled as often as may be necessary; but if the work of 
pumping is done by liand, it is likely to be neglected except -at 
fixed periods. Tlie tank should, therefore, be so large that it is 
lint likely to be emptied before night if tilled in the morning. 
Comfort and decency, if not health, demand that water-closets -ruk* sbau 
lid nevei remain foul because there is no water to flush •tmfsi- 
; also, that personal ablutions and the toilet should not be 
internipled nor interfered with by the want of water. 

"When the water stored is to be used only for washing, flnsli- 
ing water-closets, and for any and all other purposes except drink- 
ing and cooking, it makes practically bnt little difference what 
the tank is made of, or lined with, provided it be strong, eight 
and durable. In houses occupied by single families, wafer Tank watm 
from tanks is rarely used in cooking or on the table, A ser- ooffl^itor 



cocks on the lower floors, and there is no need of using the 
water which has stooJ i-i the tank for culinary or table pur- 



I 
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Exceptions, poses. In tcDciiicnts, flats, warehouses, office buildings, &CmGjc 
water drawn on tlie upper floors is generally taken from tbe 
tanks. In such buildings it is necessary, and in all buildings it 
is desirable, that tanks should be made of some material which 
will not render the water held in them unfit to be taken into 
the stomach. 
Wooden The bcst tanks which I have seen for use in city houses are 

tanks lined 

withunncd stroug woodcu boxcs lined with tinned copper. Of this mate- 

' rial there are two kinds, and between them there is an impor- 

saiammonuo taut difference. In one kind sal ajmnonidc is used as the flux 

and resin ... 

as fluxes, m tinning ; in the other resin is used for this purpose. My 
observation leads me to the opinion that the latter only should 
be used for tank linings, for the reason that tin put on with wi 
atmiioniac does not retain its hold upon a copper surface under 
water, and a corrosive action is likely to take place which will 
supertorityof rapidly destroy both the tin and the copper. The resin tinned 
with resin, platcs cost a little more than those tinned with sal ammoniac^ 
but in durability and security against metallic poisoning, there 
is no comparison between them. 

Wrought- A very ffood form of water tank is made of rolled iron plates, 

Inm tanks, . . t 

riveted up and lined with cement. If the proper quality of 

Cement ceiiicnt is used — such, for example, as is placed in the bottoms of 

iron ships or on the bottoms of large aquaria — and carefully 

applied, it constitutes an insoluble and impervious coating which 

puriflcation will last for many vears. Iron tanks are commonlv used with- 

contact with out such lining, and while the water is, if anything, puritied 

"* and rendered more wholesome bv direct contact with the iron. 

Rust, the presence of too much iron rust renders it undesirable for 

household purposes. This consideration applies especially to 

small tanks containing a supply only equal to the daily con- 

Discoioration sumptiou of ouc or two families. When the tanks arc of great 

rust^eat^t sizc, as in hotels and other large buildings, the surface of iron 

^ton^. ^'-^poscd is so much less, in proportion to the cubic contents 

of the tank, than in small ones, that no perceptible discolora- 

objeciionto tion from rust is likely to occur. The objection to small iron 

tanks, tanks is chiefly found in the fact that the level of the water in 
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B fe eonetantl^ flnctnating, nnd that tliey are dmwn npoTi as 
} wlieii but little rciuaiiia and that little cbarged mtli rust 
a the Ixjttom and sides, as whun full. Any impervious and UniBgBtor 
wltible (mating of nun-puisonoua com^>osition which will pro- 
it the metal from rust, will render an iron tank all that can 
e desired. 

The nee of lead ua a lining for water tanks cannot he reconi- tandtankt 
iiiL-ndi'd luidurany but exceptional conditions. What these eondi- *«ion of 

. . wntsrualUHl 

tiiiiw «re need not ho cousidered here, as the action upon lead of 
|M>tat)le wators of varioue compositions is dtficnssed at length in 
tht chapter following. Untinned copper, jollow metal, galvan- oan^. tna 
ixed iron and nheet xinc ehoald not be used. Block tin is good, siiKk tw. 
fxucpt nndcr peculiar conditions, hut owing to its cost it is not 
iikvly to be extensively employed. Other things being equal, a Bownwa 
iiivtal whieh can be need without having exposed eoldered 
Attains., is better than one whieli cannot. If kept full and clean, woodm 
tauka of cedar, cucumber wood, white pine and certain other out uningii. 
woods, without metallic linings, will be found to answer the 
puri)oec very well. 

Tanks should he kept clean. This is so evident a trnisin rtaka ■(muin 
that the reader may smile at seeing it stated thus seriously ; but 
I have found, from somewhat extensive ol>servation, that tho 
duty of cleaning them is commonly neglected — often for longsejiect 
fwnods. As the rule they arc placed in inaccessible positions, 
uid lire rarely examined for auy other purpose than to see how 
(inch water they contain. The dust which falls into tfacin, assedimmt. 
vii.ll as many of the impurities of the water, settles to the bot- 
tom and clings to the sides, and as tanks are iisually so eon- 
HtrneUKl that they cannot completely empty themselves through 
the service pipe, they sometimes accumulate a great deal of dirt 
of vory miscellaneous composition. This almost invariably TiuiiuinMi» 
occurs in houses divided into " French flats," or let by floore toapmaieni 
'<<vi>ral families. In houses of the former class, the tank is 
iMially under tiie care of a janitor, who probably pays no further 
.iiieiitiou to it than to sec that it is full ; in houses let by floora 
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or apartmente, tlie condition of the tank is the business of no 

Examination ouB in particular, and it is seldom looked at. Not long ago I 
* was prompted by curiosity to examine the tank from which 
was drawn all the water used by two families occupying the 
two upper flats in a very elegant building in New York. It 
was filled and drained through lead pipes, which is not to be 
wondered at, as the employment of lead is usual in plumbing 
work. The water was raised by a pump in the cellar, operated 

conatruction by a Small caloric engine. The tank was a wooden box lined 
with sheet zinc soldered at the corners, and between what may 
be called the high and low water levels — the tank was never 
quite full nor quite empty — the metal was much corroded. The 

Character of color of the bottom and sides was so peculiar that I climbed into 

sediment, j^.^ ^^y[\\i great difl[iculty, after drawing off the water, and found 

that the bottom was covered with a layer of soft, oozy mud two 

inches deep. A similar coating covered the sides to a hight of 

Quantity, twclvc or fifteen inches. This mud, of which nearly half a 

barrel was removed, I found, upon examination under the 

Composition, microscopc, to be composed largely of earthy sediment and 
organic matter. From the fibrous appearance of the latter, I 
concluded that it was principally the lint of carpets, drawn up 
by the tiscending current through the well-hole into which the 
room containing the tank was ventilated. The thick deposit of 
fluffy dust on the edge of the tank indicated the amount which 
must have fallen into it. Exposed to the air for twenty-four 
houi-s, this composite mud became offensive to the sense of smell, 
and by the end of forty-eight hours, when partially dried by evap- 
oration, it had l)ocome mouldy. In the eighteen months dur- 
ing which the house had been occupied, no one had thought of 
examining the tank, and the two families had continually 
drank the water decanted from tliis unwholesome sediment 
TankBsup-witliout even filtering it. In all houses supplied from tanks 

with rumps, tlierc should be pumps upon each floor occupied by a family, 
to lift, from the level to which its head will carry it, all the 
water needed for drinking or cooking. 
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Bat tlic sediitiL'iit was not the only evil discovered during my 
wction of tliu tank I have just mentioned. The floor oa 
1 it wa« placed wan divided into a di-ying room, three bed- 
s for servants, and the tank room, in wliich waa also the 
:,-rvajjts' watcr^'Iofict. They stood side by side, and tlie water- cc 
\i kh-I was as had as one could be. It was a cheap, loose-jointed ci, 
1 111 vtiieut^ so nmdi owt of order that lialf enough water to seal " 
* ivrtuld cause the pan to drop. The soil pipe of the house 
L ;i.Ie<l at this closet, and was without ventilation. As a const- a 
qtioncc, the closet wiis cxtroniely offensive, and the door of the '"' 
nk room was kept closed by the servants so that the smell 
wld not peiietrato to their bedi-ooms. From what line 
jady l)een saiil in the preceding chapters of the capacity of 
Bter for absorbing goseouH impurities, it is evident lliat tliia 
H«tM>tltng juxtaposition of foul water-closet and water tank was 
an evidence of the ntter disregai-d of sanitary conditions wliieb 
Rhjinicterizcs nineh of the contract building of the present time. 

Kin the construction of all kinds of cisterns and tanks for the ^ 
tngv of water used for drinking (and it may be assumed that J^ 
B water constituting the principal supply of a house will fj' 
tnetimeH be drank, or used by careless servants in the kitchen, 
urever impure it may be), it is of the utmost importance to 
Cnard against tlio poisoning of the water by the gnst'S of decom- 
;"isi«g organic matter in sewere and cesspools. It is a welloi 
ntidcratood and generally accepted fact that the [Kiisoning of ,« 
water by & jwage or the gaseous emanations therefrom, is a fruit- 
ful source of sickness. The poisoning of the water in tanks 
may occnr in a variety of ways. Gases of a poisonous character 
flamy find their way into tanks through overflow pipes carried 
nto 8oil pipes and, under eome eircumstances, through service 
ajpeii. These dangers are easily avoided by an intelligent 
mtngement of the pbnnbing work. The only way to keep 
Wt out of tanks seems lo l)e to cover them. Covers, if used, ^ 
raid ho light, tight-jointed and easily removed, and ventilii y, 
nsbould be secured by menus of air pipes. Water, when 
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f.Uirefl ill casks or other eloeed Tes^ek, ieems to undergo 1 60it 
of purifying proc^e^ by which many of its impurities ire 
thrown down as a sediment. Sailors aoert thai water dean 
itself by ** working/* after the manner of wine or liqnon. This 
is not strictly tme, bat it is a fact that most of the imparities held 
mcf^Iianically suspended in water are thrown down under these 
conditions, and it becomes really purer and more wholeeome 
than when fresh. If we can exclude dust and gire sufficient 
time for settling, water is pretty sure to be improved in qualitv, 
unless contaminated by contact with the vessel containing it 
cfaiunu f'lr In this countn'. cisterns in the rural districts are commonlv 

" ^ ' built undei^ound, of brick and cement. Many country houses 
otjaetkioflfoliave tjiese large underground cisterns, and are supposed to be 

ci-JJL. providcil with every convenience necessary in the way of 
water supply. Yet instead of having to pmnp water into the 
house and carry it about in pails, it should run in and dis- 
tribute itself in pipes. There is no difficulty in securing this. 

EiATAted Small tanks, supported at a sufficient elevation to give the 
"**' required head, are as easily filled from roofs as cisterns under 
CMktand ground. Thoroughly washeJ molasses hogsheads or wine casks, 
*' are probably the best tanks which can be used in lieu of under- 
ground cistenis. Painted outside and partly filled with 
water, they will shrink but little ; the water will be perfectly 
j)r()tecte(l from dust and foul vapors, and there will be no dan- 
ger of metallic poisoning. If a single cask or hogshead is not 
large enough, two or more can be used, connected by pipes at 
the bottom. Each one should be vented separately by a small 
j)ipe. Protected externally by paint, and closed so that evapo- 
ration cannot take place, a small quantity of water will protect 
them from shrinkage, and save very much of the annoyance of 
above-ground cisterns. Water from the roof should be led to 
them directly, so that any shower may fill them before running 
into the cisterns below ground. 

WMhinir Provision should always bo made for allowing the flow from 

'^'** the roof to run off without entering either cisterns or tanks, 

because it frequently happens that after some time of dry 
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•. dowt and dirt accumulate i» the gntte™, and until they 
1 wofihod out it is not heat to attempt to save the water. 
» providing ovcriiow jiipes, a waste jiiptJ tuktjn from tlie 
' bottom of a tuiik is eoiivenient, for tlii'oiigli it much 
1 dirt may lie drawn off and clearer water left above, 
'ben a bottom waste pipe can be provided for large cisterns, wuiupir* 
1 dirtc^n li£i iTut rid of by stirring tliu iKittotii a little, ami 
I bj opening tho waste-way it flows unt, while a hirgv piirt 
I tile water ig eavod. In fionie honsea the tanks are placed on i>i>fu- 
s large eljoet of zinc, which has ita edges turned tip an inch or 
an inch and a half, so as to form a shallow basin. TIub is Incliia'd 
a little, and at one comer is connected by a sinall pipe with the 
wa»te pipe. Any leakage ie thus disposed of without going 
down through the house and jrerbajis doing damage to plaster- 
iog and furniture. 

The cost of setting up a tank of this soil is not necessarily o<i.hj( 
gn^t. An ordinary tinman can do it if a plnmlx-r is not to l>uoirt«iu. 
had. In fact, any one who can set a pmup and make llie coii- 
iK^tion may set up a barrel in an npjH;r part of the house, bring 
in tlio water to it by a pipe from the eaves and carry another 
pipe down to the kitchen. Connections with the wood are nut n^n., 
ditliciilt, tind if the tinsmith cannot achieve a wiped joint, a 
very good, tlioiigh not very liandsume one, may \ic made with 
ihoMiIdering bolt. A flange around the end of the pipe gives 
^^leans for making a joint with the wood. 

^^KThfl aise of a tank to hold tiie water falling upon a given roof cupHitjot 
^^Ht matter tlint should lie carefully considered. The average*^""" 
^^■Dfall in the Nurthern States may l>e taken at about 48 inches 
^^^r year. That is, if all the water that falls on a given surface jmno 
^^^ * y^*" "■''"' saved, and none lost, we should have a depth "'"'"^ 
nf 4 feet. This supply is Hot very evenly distributed through 
the year, Sometinies we get 2 or 3 inchi-a in a day, or even 
1, and then there are several weeks without a shower. Could 
i^make mir tank large enough toliotd all the rainfall on u roof 
labonld be very well off, but as we cannot always do this wc 
bt ttmke sonic uilculations us to the amount of water that 
10 
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falls and what we wish to use eucli day. The average amonnt 
of rain falling in the United States may be estimated at about 
36 inches, or say 3 inches per month. For most parts of the 
country this will be an outside estimate, for in some months 
there will be no rain and in others it may reach even 6 inches, 
/monntof Xow, ffcttinff the lenffth and breadth of the roof, we multiply 

water collect- ' & & e» y r ► 

ed on roofs, them together and find the surface upon which we are to gather 
our water. This will be exact if the roof is not of too sharp a 
pitch. When the roof is sharp the size on the ground plan must 
be taken. Half the area of the roof in square feet, multiplied 
by 7*4 will giye us the greatest amount of water in gallons which 
we can expect to catch in any one month, while the average 
will be one-half of this amount. If we have a roof of 20 feet 
by 40, from which we mean to take water, we shall haye 800 
square feet, half of this is 400, which, multiplied by 7*4, is 296(»-0 
gallons — the greatest amount of water we are likely to obtain, 
and 1480 gallons about the average quantity that we shall have 
for storage. By a simple calculation like this we get at the 
quantity of water to be expected. If in this case we find room 
for, say, four 63-gallon casks, we find that we shall haye storage 
for 252 gallons, or, say, one-sixth of the water that falls. The 
remainder will then be available for the cistern below ground. 
If there was room for but one of the 63 gallon casks, we could 
then use about two gallons jx^r day the year round, and never 
Droughti. nin dry save in the most extreme cases. Bearing in mind the 
fact that there are occasional months of drought, and that our 
storage must, if possible, be large enough to make up for this, 
we can easily arrive at some idea of what amount can be used 
daily, and wliat would be needed to take us over seasons of 
drought. This subject is further considered in Chapter IX. 
Amountof In computing the value of snow, it is probably safe to jussunie 

'^^^sent^^ that twelve inches of snow will make one inch of water in 

snow. I , • 

melting. 

In tlie chapter on "Elementary Hydraulics Applicable to 
PIuiubinjT Work," will be foir.iJ many facts of interest in con- 
noction witli the subject of tanks aud cisterns. 



CHAPTER Vm. 

TdE CnEMlSTttV OF pLtTMBINO. 

In this eliapter it is my purpose to consider some fitctsfi 
lating In the diemical action of water on metals witli wliitli '" 
frery plumlier Blionld be familial-. These facts will bear it 
ctly upon the snliject of service pipes, and wl!1 include the 
1 of water upon the nietala principally need in the manu- 
B of pipvs, tank linings, kitchen utenHils, &e. As lead is u 
I most comnioti of the luotals ueod in plutnbitig, it will, of 
\f receive the larg«jst share of attention. 
^ With regard to tlie safety of load pipes for the conveyance di 
f water, there exists a wide diversity of opinion among those ^J 
Qiitig to bo authorities in chemistry. For example, no lesR n 
k Biithority than the Franklin Iiistitnte of the State of Pcnn- 
is declares, in its official publication of April, 1S71. that 
I exists no authenticated accounts of the licalth of the 
morouB towns and cities supplied by leaden distrilmtory 
i having been injuriously affected."' A direct contradiction ^ 
) statement had been made three months before by the "' 
i of licalth of Mussacliusetts, who state in their report of 
. 1871, that on April 8th. 187l>. they addressed to their 
tfpondciits a circular asking the following question ; 

! any cases of lead colic or lead paralysis occurred in u 
r towni or district in wliich ynii have been able to trai-e the J," 
jin of the diseaBe to water pipes?" To this circular 170 
3 were received from as many different places. In 162 
I lead pipes were used, and of this nnmber 41 reported 
lattvely and 20 were doubtful. The afflnnativo cases in 
I 41 towns in MRssachnsctts wore deaci*il)ed in tlie report, 
i the record is very valuable. On the other hand, the Eng-g: 
I Scientific Comtnltsion appointed to iiivcsligate the subject ^ 
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of the action of water on lead, made in their report the remark- 
able statement that *' the purest water analyzed by them daring 
an extended examination as to the most available source from 
which to supply the city of London, came from a lake which 
received all the washings from neighboring lead mines. 

In recoimting the history of the use of lead pipe, authorities 
iLBdgnuid again contradict each other. In support of the use of lead for 
water conduits, M. Belgrand, during some remarks before the 
French Academy a few years ago, alluded to the antiquity of 
LeadfrtpMin this metal. According to Varron, the first aqueduct for convey- 
ing the Appian water to Rome was constructed in 311 B. C. 
From that time leaden conduits have been constantly used. 
The entire water service in the interior of ancient cities was of 
lead. Each cistern had a branch pipe which tapped a local pri- 
vate reservoir, which was a kind of distributing cistern for all 
the inhabitants of a particular section. The public fountains 
were supplied in the same manner. The public water service 
wliich connected the public reservoir with the private reservoir 
Part*, was always of lead. This mode of distribution, which necessi- 
tated very long leaden conduits for private dwellings, has been 
used in Paris until quite recently. It is yet employed in Rome 
and some other cities, and up to the end of the eighteenth cen- 
ironmain*. tury the public watcr service was of lead. The employment of 
Great dura- ca>t iron uiains only became general in 1782. There were, in 
%*ipe8in ^<^^U found in Paris a few years ago leaden conduits laid during 
^"^*- the reign of Philip Augustus, 1180-1223. With these facts in 
Bei;fran(i'f vicw, Hclgraud makcs this decided assertion : " Until quite 
opinion, ^^^^j^i^jy ,^Q Qjjg jjj^ g^QQ^ ^i^Q least danger in the use of lead. 

Neither Pliny, nor Frontin, nor any other ancient historian has 
mentioned anything resembling a case of lead poisoning. It is 
only during the last few years that certain persons have sought 
to alarm the public by showing that the use of lead conduits is 
dangerous." But while this eminent authority thus endeavors 
to plead some of the facts of history in behalf of the 900 miles 
of lead pipe in the city of Paris, he omits to notice others quite 
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■lainaging to liis line of proof. For iiitilauce, it is not tme that conmdicuTr 
the daugeroub eliaracCer of lead was not suspected in ancient 
times. Vitniviufl, the Roman areliiteet (B. C. 46), forbade the vitroTioi. 
OBc of Iwid fop carrying water on aeconnt of its poisonous 
qiiulitii-i;, and the physician Galen (A. X>. 130) condemned the ooikd. 
lusc of lead OS a dangerous material for water conduits. Apart, lumarkabie 
however, from the mere statements of ancient authors, M, pipcinparii. 
Ik'lgnuid presents some remarkable cases of the preservation of 
Iea<l pii»os. lie states that [Kirtions of the public water service 
are taken npfnim time to time, and that "their interior snrface 
is always smooth and shows no traces of corrosion." lie sub- 
mitted for iho examination of the Academy two pieces of lead 
pipe, unc taknn from a conduit in the Faubourg St. Antoine, 
which was laid in 1C70, After this period of more than 200 
yuan*, the impressions of the sand of the mould in which the 
pipe was cast were distinctly visible in the metal. The other 
eamplu was not iiuite so old. 

In seeking for an explanation of facts apparently so contra- DuBcraf 
dictory, we are met by a variety of i-eaults which, viewed with- piusion. irom 
it tlicir coimections, seem to leave the problem unsolved. In 

lating the value of such results, however, it must be bornu Labgnwix 
mind that in the laboratory we can only operate on small 
irtioru of lead and small quantities of water. Wc also find it . 
icult to place the two substances in pi-ecit^ely the same condi- 
u they exist in practice. Waters which in tlie laboratory 
to corrode the load very slightly, often act very vio- 
itly on llie pipes through which they are conveyed. Hen\ ''."^"^ 
Uicn, is a very important source of error in our investigations. '" 
The subject, therefore, abounds in uncertainties. The chemist 
state as a general fact that water, under some circumstances, 
act on leatl, but it is ditficult to tell in advance how ranch 
a given water will dissolve. Tlie physician is also met by sumpuhiuir 
a rtill more puzzling fact, viz., that different persons areunnic. 
differently affected by given quantities of lead. 
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Fhyricax Tlie physical properties of lead are such as to peculiarly 
of lead, adapt it for use as a material for water pipes — so far, at least, as 

convenience of manipulation and cheapness are concerned. 

These are so well known tliat it is unnecessary to discuss them 
Chemical hcrc. It is important, however, to know its chemical composi- 

oompoeltloii. • , , 

tion, as we shall have occasion to consider some of the impuri- 
ties contained in the ordinary lead of commerce. It alloys 
impopiueeiii very readily with tin, bismuth and antimony. In its crude 
oommonuse. state it usually coutaius some of its own oxide mechanically 
mixed with it. This impairs its malleability and ductility, but 
increases its resistance to pressure. Commercial lead usually 
contains also metallic impurities. Hard lead owes its hardness 
Reich's to the presence of antimony. The following analvses of 

analyses. ^ •' , o ^ 

various kinds of lead, by Dr. Reich, are trustworthy : 



Metals. 



German Lead. 



Baw. 



Lead 

Arsenic. . . 
Antimony. 

Iron 

Copper. . . . 
Silver 



97.92 

1.36 
0.72 
0.07 
0.25 

0.49 



Hard 
Lead. 



Hefined. I 



Antimonial Lead. 



First Second 

Specimen. Specimen. 



99.28 

0.16 

traces 

0.05 

0.25 

0.53 



87.60 


90.76 


87.60 


7.90 


1.28 


0.40 


2.80 


7.31 


11.60 


traces 


0.13 


traces 


0.40 


0.35 


traces 


• • • • 


.... 


• • • • 



Water cor- 



It is a remarkable fact that water corrodes lead with a vigor 

^p^oJuonto proportioned to its purity. This was the theory of Sir Robert 

Its purity, ciirigtison, one of the early experimenters in this department 

of eheniii?try, and it has been sustained by more recent investi- 

EDgiishcx- irations. In experiments made by the English commission 

^'^"*®°^" appointed to investigate this subject, it wa« found that 

pure water in contact with lead for 24: hours became highly 

poisonous. 

M.Be8nonon A vcry clcar explanation of the action of water on lead was 

* °^**on^ presented before the French Academy of Sciences by M. 

Besnon. He says: "Rain water and distilled water attack 
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^^ec and in the wutur a white, partially crystaHiiio prccipitato. 
Ttie HteaiQ fnniiod in tLe distillation of fresh or salt \vator 
utinckB, ia condensing, the coolers coinposod of an alloy of tin 
M\'\ lead. On the first ilay of tho operation a greater qnaiitity 
■ f l«aU Js taken from the surface than on following days." For 
\;unple, in M. Besnoii's experiments the quantity of lead dia- 
'ered in the water after the lirst day's distillation amounted 
ilfi-IT grains to tlio gallon. This proportion was decreased to 
grains per gallon on tho third day. In tho distillation uf 
ir for phannaeuHtieal purposes tho same thing lakis place. 
leeKjiieTitly, kucIi preparations as the extract of orange flow- 
bmndy, &p., ooiilain traces of lead. 

'lie action of pure water on lead has been regarded as a Blll^ AcMonof 
of great importance by tho French experimenters, and the^^^,"" 
Its of their experiments are very interesting and coneluaive. 
M. I^ Pierre states that he passed a current of steam throngh iLiAWm-i 
a liurizuutol load coil, which was conducted into a reservoir con- 
ing water. The admission of the steam and the amount of 
water in the reservoir were regulated in such a manner 
only a portion of the steam was condensed, while the rest 
ipt>d to the atmosphere. To cleanse the coil, steam was 
tlirough it for eight hours. Steam was then allowed to 
lulato slowly through tho coil for three days. The water 
lud by condensation hud a eloudy and milky apiwaruuco, 
gave a deposit of the carbonate of lead. The water so 
collected was Ullerud, and the residue amounted to Ty2'2 grains 
pt-r gallon of water. Tho water, after filtering, did not give 
very nut i.* factory indications of lead, showing that the corrosion 
of lead by distilbd water gives an insoluble powder — .a very 
important fact. M. J^ Pierre treated this filtered water with 
carbonate of ammonia and then filtered again. The latter 
leagent gave a very slight precipitate of lead, which was left 
on the filter paper. The water coming from the second filtra- 
tion was evaporated, and even this gave a residue of lead 
amounting to one-quarter grain to the gallon. 
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impnrttiei It lias becu argued that such experiments do not prove that 
water, absolutely pure water does not attaek lead, but that the water 
obtained by distillation, not being perfectly pure, acts violently 
by reason of tlie presence of certain salts. For instance, ordi- 
nary distilled water contains traces of nitric or nitrous acids, in 
combination with ammonia, forming nitrite and nitrate of 
ammonia. These salts are volatile, and pass over with the steam 
during the process of distillation. They act vigorously on 
lead, forming nitrite and nitrate of lead, which, it is claimed, 
are converted almost immediately by the carbonic acid of tlie 
air into carbonate of lead. This is not of great importance, for 
as water obtained by ordinary distillation is as pure as any found 
in nature or used in ordinary operations, we are not interested 
Dr.chruti- in Water purer than this. Dr. Christison seems to have settled 

*^" * mento. this qucstiou Very satisfactorily. He added to a certain quantity 
of water some potash, which combines with nitric and nitrous 
acids, forming compounds not volatile. He then distilled tlie 
water, taking great care to prevent the access of impurities 
from other sources. He subjected some lead to the action of 
water thus obtained, and found that its action was even more 
vigorous than in the case of the ordinary distilled water of the 
hiboratory. 

Air In water Thc actiou of air in facilitating the corrosion of lead by 
water, is probably very important. If a sheet of lead witli a 
bright surface be immersed in a vessel of freshly boiled distilled 
water, and the vessel be tightly closed so that no air can obtain 
access to it, the metal will remain for a long time with scarcely 
any symptoms of tarnishing. But if the vessel is uncovered, 
the water immediately begins to absorb air, and soon the luster 
of the metal is dimmed and small scales of oxide of lead begin 

Corrosion ot to foriu upou it. If a slicct of Icud is partially submerged in 
* ^piuiiai water in an open vessel, there will be found upon it after some 

■ubmersion. jj^y^,^ ^t the line whcro the lead meets the surface of the water, 
yellowish white crystals of hydrate of lead, with crystals of the 
carbonate of lead also. This line, of course, marlcs the place 
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3 botli air and water act on tlie leiid at once. A^rain, if a a 
J of load witli II briglit giirface be exposed to u dry atnios- 
jere, imd another to a moist atmosphere, it will be found that 
I latter liiis bi-coiue taniished by the formation of a bhiish- 
my coating, while the foruicr romainB bright. 

iTIiere is no luck of facts to prove tliat air is an effective Air .oawmwr 
txiliary to water in Us action on lend. These facte, wliilo 
tnoDstrating the thenry, no less prove its practical importance. 
. Bobierre remarks that " when the lead Bhe.athiiig of a vessel icBowerm 
stiToded and perforated by tlio action of water, the damage 
^ principally sustained at the water line; that is, where thecomj«ion»i» 
sathing is alternately subjected to the action of water and the wnteriine. 

and carboTiic acid of the air. Those portions of 
sutliiiig that are alwayn IhjIow the water line are, on the con- 
\ry; fur less acted upon." lii a paper presented by the same 
r to the French Academy of Sciences, he mentions a very 
teresting and important illustration of the combined action of 
1 water. Ilia attention was called on one occasic 
len reservoir used in a hydropathic institution, which had 
n eaten through with holes. The corrosion had taken place 
e rapidly, although the lead was of the finest quality. A 
refol examination of the caee showed, also, that there was 
) fault ill the workmanship of the plumber. It appeared, 
!ver, that the tank was often entirely empty and was snli- 
sntly tilled by a stream of water from a cock 3 feet 
a that portion of the surface M'hich the fulling liquid 
rack. Here was an excellent opiwrtnnity for the combined 
I of water and air, and the result showed the effective- 
I of this combination. A carbonate of lead was probably 
med upon the metal, and when the cock was turned on 
* coating was washed away from the one spot by the fall- 
ing water, allowing an opportunity for the formation of a 
fresh coat in the place from which the former crust was 
removed. M. Bobierre also states that on being called in a 
Bery Aggravated case of lead poisoning in Nantes, he disco' 
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tliat the lead pipes were coated internally with a muddy crust 
of carbonate of lead. He found, also, that the pipe, by reason 
of its position and numerous curves, formed in certain places 
air traps, thus offering all the facilities for an active oxida- 
tion. At Nantes such a case of poisoning is quite uncommon, 
although the pipes are of lead. The reason for such immunity 
M. Bobierre finds in the fact that the metal is kept constantly 

Bobierre'B ex- in coutact witli watcr. In support of this theory, he presented 
•ndwJSB^to the French Academy the results of a very interesting 
^^' experiment. lie placed two lead pipes in contact with distilled 
water under different conditions. One was completely 
immersed, while the other was laid so that half should be in 
the water and half out of it. He also placed on a porcelain 
plate a little conical heap of crystalline fragments of lead, and 
then added water to a depth equal to half the hight of the 
metal. After eight hours the watcr in the vessel containing 
the tube completely submerged, was found to be but little 
affected by the metal. A very marked reaction was obtained 
in the case of the water which only half covered the tube. In 
the case of the water surrounding the broken fragments, the 
action of the air in this case being evidently the greatest, the 
corrosion had been so vigorous that the water actually appeared 
milky from the carbonate of lead held by it in suspension. It 
is a question, then, of considerable importance whether the 
lead is exposi^d to the alternate action of water and air, or is 
always in contact with water. " What is true of a pipe,'' says 
Bobierre, in speaking of the action of water on lead, " would be 
true of a tank; and a pipe which is always kept full by the 
pressure of the water in a reservoir above it, is less liable to 
corrosion than a pipe which is filled by a pump and in which 
the water does not remain for anv length of time." 

Moistxireand It is kuouTi that wlien loi;(l is exposed to the action of mois- 

carbonlc acid. , i*i*ii i i ^ii i. • •j'a.* j'i 

ture and air highly charged with carbonic acid, it is readily 

Bioxam. attacked. Bloxam states that the lead of old coffins is often 

found converted into a white, earthy-looking, brittle mass of 
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l»asic carbonate, ""itb a very thin film of TuetiJIic It'iiil 

t»f it. 

13 corrosicu of Iwnl \>i{>o.s is nftori facilitated by beat. In 
b Utter part of I SHO, 1 h: AVjillace, in Jin adOrese bcforo the 
^w Philosripliifial Society, remarkfd tUiit a new and very 
teKnt source of diingcr was revealed hy the anulyais uf water 
I from the ciBtems in various parts uf (iioagow. It w»s 
L that water which liatl become warm by remaining in 
1 that ivere exposerl to licat, eitlier by proximity to tlie 
ijftl hot-water pipes or otherwise, was frequoutly contaminated 
1 lead to BHch an extent " as to render the use of the water 
r dietetic piiriKises dangerous." Some tiino ago we hiwl a 
Inful illnsfration of this new source of danger in a case of 
lijad [HMSoning from the use of Oroton water. An elderly gcn- 
ilenian in this trity waa completely prostrated by paralysis. Ilia 
|iliy*ician, judging that liis symptoms indicated lead poisoning, 
ii\~«»tigatc<I the matter and discovered that tlie patient had 
I 'en luing wheaten grits for dyspepsia, and that the cook was 
lomed early every morning to soak them before Wiling. 
b nB«d for this pnP|)ose tlio water which had stood in the hot- 
ter pipes over night. It is probable that water might have 
i drawn from the cold-water pipes without as serious niis- 
ief. Tlie pnictit'c is, however, one whicli a!! housekeepers 
raid forbid, and the rule of the house should be to allow (lie 
tor which has stood for several hours in a lead ])ipe to be run 
t before any is drawn for drinking or for use in the prepara- 
a of food. 

Prof, W. R. Nichols presents, as an ejqilauation of the in- 
iud corrosive energy winch heat Imparts to water, the sng- 
pttioii that the alternate contractions and expansions of the 
' produced by clianges of lemperature eansn a dlsarrange- 
l tliG particle? of the lead and a change in its mechanical 
Incture. A physical action, according to this theory, develops 
[erates the ehcniical iorces wUicli previously are either 
lant or feeble Whatever may l>e the reason, It is impor- 
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taut to be sure of the fact, and tlic follon'ing resultB ot i 
fo investigation by the same professor g^ve strong evidence of tl 
possibility of a dangerous energy being awakened in water 1 
tlie agency of heat. A sample of water was taken from tfa 
pipKB of a private residence in Boston. The water analyzt 
had flowed through 100 feet of tiu-lined pipe and then throng 
10 or 12 feet of lead pipe. The pipes had previously been a 
use for six inonthe. The sample gave 021) grain of metalli 
lead to the gallon, or only -0342 part in 100,000. A sampi 
was then taken in the same residence after the water had flowe 
through 40 additional feet of lead pipe (hot-water pipes 
through a lead-lined tank and on ordinary copper boiler. Tld 
sample, on analysis, gave -IIS grain to the gallon, or -19 
Di ])art in 100,000. The latter results from water which ha 
'■ flowed through only 50 feet of lead pipe (40 feet being hot 
compare very strikingly with tlie results obtained in the ehem 
cal laboratory of the MaseachuBetts Institute of Techuolog] 
In this case the water had flowed through 150 feet of cold lea 
pipe and bad stood in the pipes for 14 hours. The water thel 
only j-ielded '057 grain to the gallon, and after enough watt 
had been removed to clear the pipes, there was fonnd in tl 
sample taken only 'OITS grain to the gallon. The results i 
the case of the hot-water pipes were, therefore, not due simp! 
to the length of pipes, 
e. A most remarkable and conclusive case was disclosed by Pra 

lloscoe, of Manchester, England, in November, 1874. 
,e F.tates that be had received from a surgeon of Mauelieeter 
^ white powder taken from the inside of the covering of a Ii 
'■ hot-water cistern. The interior of the cover presented a lione] 
combed surface, and in many places stiilactite ma»3e& bun 
down which wore from one-quarter to one-half of an incli 
length. Manchester water has been found, after a cunsiderabl 
experience of its qualities, to be, when cold and under ordinal 
ci re nm stances, quite harmless as regards lead. In this case, hofl 
ev.?r, an extraordinary activity had been developed. An aualv 
BIB of the powder revealed it as a bjdrocarbonate of lead. 
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pLuuillon. 



Lead oxidw (PbO) parts. 8567 

C&rbutiic iieid " 12'12 

"Water '■ 2ai 

Total inO'UO 

Prof. Koscoc presents n very pliiusilili; theory for this action, i 
TTe thinks tliat the powder was formed by the action of water "' 
"liicli ha(] arisen as Bteaiu from tlic surface of the water in tho 
'istcrn and coudeiiscd on the cover. This condensed water 
would Ix: very pure aiid would contain air in sohition, which 
wonld act on the lead. 

A einiple chemical fact, usually but little considered, adds cbamicki 
weight to Uie empirical proof presented above. I have already pincupIZf. 
dt^cribed soiiio experiments made to determine the action on 
lead of the hot vapors formed by the distillation of sea water. 
Th(»e nsually contain some componnd of miignesiuin, generally mnen] inu. 
the cliloride, but often the iodide, bromide and sulphide, and the 
iiirrosive action of these salts on lead is alwaj-s increased when 
assisted by air and when their temperature is raisod to the boil- 
in;; point of water. Of all the inorganic acids, nitric (a^ua j'or- laoisanb) 

■ - 1 is the only one of common occurrence tliat acts on lead uiider 

■ rdinary circumstances. Of tiie organic acids commonly used, onuicaciniL 
rily acetic acid corrodes lead. The latter acid is the active prin- 

■ '[lie of vinegar. Sulphuric acid (oil of vitriol), unless highly ouu(viiri<,i. 
I'liicentrated, has so little effect on lead that stills of this metal 
are used in the tirst concentration of the acid. Indeed, a little 
Anlpliuric acid present in water acts as a good preventive against 
tbe corrosion of the lead. Carbonic acid, as we shall see here- carboaic mid 
", acts on a moist surface of lead ; but I use the term acid in 
B connection in its popular acceptation. Nitric acid docs not niuiowui. 
n como in contact with lead, but the fact that acetic acid Acetiofte^d. 
1 the metal is of importance. Lead faucets have fre- vineaw 
mtljr been used for vinegar barrels, and as good vinegar 
lid contain from % to 4 per cent, of acetic acid, there is 
; dinger in this practice. Such vinegar unquestionably 
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contains lead, and in the form of a virulent poison known as the 
Prof. Monroe, acetate of lead (sugar of lead). Prof. Chas. E. Munroe, of Har- 
vard University, analyzed two samples of vinegar that had been 
drawn from a cask with a leaden faucet. One sample contained 
25 grains of sugar of lead to the quart and the other 144 grains 
prof.Hui of sugar of lead to the quart. Prof. Hill, in reporting this fact, 
mildly characterizes the sale of such poison as " criminal care- 
lessness." Our language affords somewhat stronger epithets 
appropriate to the case. 
Lead m cider Lead is found sometimes in cider and otlier liquors. It is 
^uqnon. duc in thcsc cases to the use of lead in certain processes of their 
manufacture. The fermentation which takes place when the 
juice of apples is converted into cider results in the production 
of organic acids, and if the process is carried on sufficiently 
long, cider vinegar containing acetic acid is the product. A 
Dr. Adams casc of poisouiug by lead contained in cider is recorded by Dr. 
Horatio Adams, of Waltham, Mass. The person so afflicted 
exhibited, after drinking the cider, the usual symptoms of lead 
colic, which were afterward followed by a partial paralysis of 
his extremities. 
Action of or- ^^^ action of orgauic acids on lead is much more active than 
S^**l!^l?.!f that of inorganic acids. The distinction between the two 

lead moro ac- d 

tive than that ^(jj.,yjg oFffanic and inors:anic, so far as their meaning concerns 

of Inorganic ' o o ? o 

<^<^ US in this discussion, is simple. We find in lake and river 
Organic acida w^tcr various acids derived from the decay of bodies once 
Hvoi^aten Organized. Such acids are called organic, whether they are 
derived from the decay of animal or vegetable organisms, the 
latter, however, being the chief source. Vinegar (acetic acid) 
is an illustration, since it is formed by allowing certain bodies, 
as wine and apple juice, to ferment or decay (fermentation 
being an operation that goes on in the process of decay). 
Organic acids of various constitution are formed in natural 
waters, but they are so transient in their character that before 
we can separate them from the water in which they exist they 
have changed their form. As the decay of wine produces 
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aeetio acid, so the decay of wood prodoces formic acid, &p. 
These acids frequently decompose t«oii after their formation ounemot 
by contact with other bodies, and flumge their constitution. 
8oiuetim(» tliey ure Bohihle In water and color it ; ut other 
times they are inRohible and arc eiinply snspendcd in it. 
These vegetable acidfi are very powerfnl in their action on lead. Ttaeiruuas 
They induce the formation of oxide of lead, which is equivalent "" 
to mating the lead, and then dissolve tlie oxide (or rust) so 
formed. Dr. Samuel L. Dana, of Lowell, Maaa,. remarks that nr.Dwu. 
Iio has found vegetable acids so abundant in the Merrimac 
River a« to dissolve in 3i hours as mucli lead as pure water. 
TliB vegetable acids also act upon certain insoluble salts formed 
<Hi the lead by the action of other materials dissolved in the 
water, and cause theiu to become soluble. Of this and of the 
general subject of the action of organic matter on lead, I shall 
have more to say further on. 

Potash and soda, if they exist in water in very small quanti- p„u^,ui<i 
ties, do not act contimioaaly on lead. They corrode it very ""•* 
energetically at first, causing the formation on the metal of an 
oxide of luail, but the latter is soon converted by the carbonic 
I acid of the air dissolved in the water into carbonate of lead. 
I TUia forms an insohible coating over the interior surface of the 
Ipipe aud defends the latter from corrosion. If the alkalies 
i«xi6t in greater quantities in the water, another effect is pro- 
fdnced. 

Water which has been affected with organic matter, as is the o,^nn 
when it comes from or flows in the vicinity of viinlts or !^^!JJ'?' 
Icosepools, is often very strongly alkaline. The alkali in this 
s ia neither potash nor soda, hut ammonia in various combi- 
■natlons. Such waters Iiave a destructive influence on lead and 
■ opente in a very indirect manner, I have explained tliat the 
■oxygen of the air acts on the lead, forming an oxide which is 
■■omewhat sohiblc and very poisonous. The carbonic acid, a ^.^wiwi. 

B which always exists in the atmosphere and is generally die- ■* *■**- 
■solved in water, usually combines witli this oxide of lead and 
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fonns a carbonate of lead. Tlie latter o]i(?ration ia attended 
with two good results : First, tlie carbonatu of leail is int^uluble 
and therefore not to bo feared as a poisun ; Bocond, it it formed 
aa coating or crust oil the interior Btirface of the lead ttiid prc- 
iJi»oi™i vents the fnrthcr action of the water on the metal. Whcii, 
however, tlic water contaiua potash, t>odn, ammonia or lime, 
tiiCBc alkalies t^oinliinc with the carbonic acid and prevent itt 
action on tlie oxide of lead formed on the pipe bv the action of 
the water. The oonaoqiieiico is that the poiBonoiis oxide of 
lead, instead of being carboaatod, is carried off by the water 
and a fresli, unprotected surface of lead is left to be corroded. 

tndiieotu- Tlie alkalies, as I fihall explain, have a further injurious 

UMianwr. effect in aiding the water to disaolve ealte of lead fonneil bjr 
certain waters, and which, being insoluble, would otherviee 
protect the metal. The action is indirect but very corrosive. 
iJni". I.ime acts in both these ways with great energy, and attlioilgh 
the traMBjiarency of the water may remain nniinjmired, the testa 
for load will reveal it in lai^ quantiticB. It h Bcareely pru- 
dent, then, to join lead ]iii>ea with cement. A number of eaees 
have, in fact, occurred of cori-osion of lead tanks or cigtems by 
pieces of mortar that have dropped into them, the lime of 
which causes the oxidation of the metal. Sometimes, too, a 
lead pipe is laid in or eonductcJ through fresh mortar, which is 

Eiuininoor- frequently moistened. Here an outside corrosion goes on with 

pipeiin great vigor. Considerable quantities of fresh mortar are fre- 

""'"*'■ quently deposited in pipes during the erection of buildings. 

The open ends of such pipes should, therefore, be carefully 

closed during the period when this is liable to occur, 

Natonj n- Water as we usnalh find it in streams, wells and snrincH, is 

ten not pan. , ' I &"» 

seldom even approximately pure. Wc have eoneiilered the man- 
ner in which pure water acts on lead, and it is necessary now to 
explain the manner in which the prosenco of foreign sabstancea 
in water varies this action. The action, of course, is to a great 
degree dependent on the nature of the substance it contains in 
solution. It is important, therefore, as well as interesting, to 
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til for H moiuent the varied compositiuu uf water as found 
I different parte of the world. 

"Water in nn almost univeraal solvent. As it falla tlirongh the ptdpotom 
■ it difiBolves tlie gases that arc in tho atnioephoro. Rain ti.m'i^iia- 
a the nearest approach we have in natnre to pure water, """^ 
tit it generally coiitaiiiH ammonia and carbonic acid, and liaa"""'""^- 
len found to hold in aolution even sulphate of lime and organic 
Uttur of animal and vegetable origin. In Paris it has been 
1 tn ctmtain traces of iodine and phosphoric acid. lUin 
ater collected near tlie sea .always shows traces of ehloritles. In 
tie* and their vicinity, rain water is usually more impure than 
tother plncas. The tiret rain tiiat falls during a storm is more 
ipure thou tliut which falls afterward, einco the first washes 
\) impurities ont of the air. Dr. Dana i^tates that after long- o«i>duiii 
bntinuud obstirvation and analysis he has Wvmuc assured that 
irly all the ealls of the w^ean are found iu rain water — of 
vaso in minute quantity. The amonnt of solid matter in rain saua mMtw. 
■ter he estimates at lGi»3 grain per gallon. This is a very 
dl (Quantity, but from this basis he estimates that one inch of 
dnfall yields about one grain of solid matter per stjuare foot, 
hioh is equal to 6'2fiS pounds per acre. These figures mount 
1 rapidly when he stntes that at the rate of 30 inches annual 
linfall on tlie district included in the 12,077 acres of Lake lb^bCo- 
loctiitaate and ita drainage land, there are dejwsited 3,270,959 
oundfl salt. Thus the trifling quantity of solid matter in tho 
lio Ixjicomos very great when estimated in the aggregate. Aa 
ion as the niin reaches tlio earth it begins its work of dissolv- 
ig away portions of tho soil, and thereafter, until it reaches 
le aea — wlicre the water attains its greatest density — it keeps 

lAJng in impurity. The character of the water, then, iscbuwterot 
atenoined by the soil over which it has flowed. The purest ^^t^iL 
tnnd water is generally fonnd in deep lakes and in slaty and 
uiittc districts, tlio material of such formations being very 
iolulile. The water supplied to the city of <ila8gow is brought 
Om Loch Katrine, wiiicli conlaiiis onlv two grains of solid i^iiKwnnfc 
II 
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wn. inntter to the gallon. This conipareB very favorably wrth ti 
C'rrttotr water of New York, wliitrli contains tt'lJfi jifniins to ti 
w. gallon, or the Thames, nf England, which contains 20 grains t 
the gallon. The solid matter dissolved in river water, sat'h t 
is used for drinking, varies in weight from 6 to 50 gmliis. 
Among tbt> substaacea, some of which are familiarly knoffi 
wilier, found in )ioIiition in the water of rivors, are sulphate i>f i 
(Glanhcr's salt), snlpliate of lime (gypsum), sulphate of magna 
fiia (Epsom salt), snlphate uf potush, snlphiitc of alumiua, chl(H 
ide of eodium (common salt), chloride of potassinm, carbonaBi 
of lime (chalk), carbonate of magnesia (common miignc^ia). c 
bonatuof iron, carlwnie acid, silica (aand), anlplmretted liyi 
gen (the peculiar ill-odorcci gas found in sulphur waters), pho< 
pliatu of lime (a substance found in bones), bromides and iixlidi 
of calcium and niagncsinm, and vegetable and animal ml 
luriiiM Btances. oSCiir large towns, the water frequently contains salt 
towns, of nitric and nitrous acids (nitrates and nitritea) and ammoniA 
ngnnci Spring and shallow well waters generally contain plenty of si 
phate and carbonate of lime, and but little salt. The i 
matter held in solution often amounts to 150 grains porgalloi 
*«*" Deep or artesian wells generally contain from 50 to T'l grain 
of solid matter per gallon. They mostly contain a remarkabl 
proportion of soda salts, and generally carbonic acid. The 
usually have but little organic matter or lime, but often hold 
considerable (pjantity of the plujsphatos in solution. 

If water did not sometimes contain unusual ingredients i| 



much-discussed question of the safety of lead pipes would be 

very sirnple one. But, unfortunately, water often contaii 

matters in solution which change the order of chemical actit 

ah^ady described, and canse it to act quite rapidly on the meta! 

often destroying it altogether. On the other hand, the preseni 

of Kome foreign substances in solution may as.si6t in tin 

n teetion which some waters normally exercise on lead. Unndred 

o- of analyses have been made of water from springs, wells, pondi 

"" lakes and open reservoirs, and the results of these examination 
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vlirarly demonstrate that inoHt waters contain substances which 

nojder nafo tho uflo of lead pipce. Even rain water, whicli in 

its purt' Htato atta on lend, becomes sufficiontly impure hy tlow- 

iHg oviT roofa and being wlhjvted thii>U{;h gutters, especially in 

large town«, to bo iiicai>able of vigurous uetion. L'nlcsB their ProwMivo 

action is interfered with by tlio prcBonoo of other substauctw 

ill mitiii'iciit proportions, the earbonatce, eu1])lmtes, phosphates 

ud boiiiles exercise a protective iitflneucc over lead. On tliu oonuiWo 

I (1 1 I ■ 1 - I ■ . ImporlUM 

euotrary, tho Bulplmn-ts or sulpludes, nitratee and mtrites, 
^loridts, organic tnuttur and the alkalies impart to water acor- 
ronvc power over lead. 

Wolt water usually eontAins a considerable ijuantity of ni-Niimuiiu 
tnUCB and chlorides, not only in this country, hut in Europe. 
Sprinjr, i>ond and river waters do not contain so much. As c^ 
might 1)0 expected, well water is often corrosive to lead, the* 
ftitratcs having lliiK action. Dr. Dana says in all cases which 
thus o.vainined where lead pipe has been introdnccd into the 
1 for llie purpi>so of a conduit, the water has been found to 
ntain lead years after the pipe was first used. Such pipes 
B been eroded deeply, and in many instances perforated and 
rcby rendered useless. Lead pipes nsed in wells have, in ii 

e», bven jmrforated in six months. In one case 
well where a new well was sunk in a district not previously 
wded with inhabitants or exposed to tho dminago of the 
lity, the leail pipe conducting the water was so eroded as, 
t tbo end of three years, to become entirely useless. New 
I wad supplied wliieh also Iwcame uecless at the end of about 
» tame time, and the third set of pipe (in use at the time of 
titing) nj<|uirea freijiient reiwiir, having [x'rformed nearly the 
il acrvicu of its pre<lceessorB. Tt is not unconnrion fur tlie 
won Ut go on within the pij)e until the tihn of lead forming 
t oater boundary of a pit (or cavity on the interinr of tho 
»e) is too thin longer to sustain the atmospheric pressure, 
Ticn tlie pump is lirst partially exinmsted of air, the lilin gives 
bursting inwardly. The plumber having mended one 
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hole, prodncea ADotlier in the attempt to "catch tlic pump." 

D?.w»iL These facta are not iJocnUarto the well water of Lowell. Lotij 

ago I>r. Wall, of Worcester, Euglaiid, noticed that a lead pipe 

WHS dcelrojed in about tlirco yciirs hj" water at a farm honno. 

ur.BveB. Dr. Hayes, State Assajer of Mii^sachuaeltd, confirms iIil-su faott 
b; eimilur o1>servations on lead iii])cs in the wella of Ba&ton and 
its licinitj. In one eafio under liis observation, the portion i 
the pipe immersed wad corroded bo completely that it separated 

a«dpaUoD- and fell to the bottom of the well. Cases of severe load colli^ 
w»ier. paralysis and neuralgic affections, have occurred in loetancei 
when well water lias been conveyed through leud. A*ide froil 
the abtmdaiico of nitriites in euoh wutoin, one of the rfiisoni! ia[ 
the BujKsrior iietivity of well water on the lead is the greatai 
quantity of carbonic acid from the air hehl in solution in buoI 
water. This ia on account of ita coldness. Ganes dissolve mon 
readily in cold than in warm water. When well water i 
brought to the surface and exposed to the temperature of tlw 
outer air, it parts with a portion of its carbonic acid and becomeU 

mnmm. flat and insipid. Spring water not containing m much of thi 
nitrates and the chlorides, is less energetic in its action on let 
Cases of corrosion do occasionally occur, Iiowever. Aii instano 
is related of a minister residing at Deitham, Mass.. who wi 
attacked by a complication of aSectious which foi-ced him to g 
traveling for his health. He returned well and, uneusptoion 
of the cause of his troubles, began again the use of the satn 
water which he had been drinking before he left. He w( 
again prostrated, and this time it was supposed he would loe 
his life. The water was examined luid found to contain I 
It had been conveyed in a lead pipe for half a mile froml 
spring. The water was abandoned and the disease disappeared 

ie chemical Tlic chcmical law by which the dividing lino is drawn bo 

innuooee tween the two claasee of salts, those on the one side protoctinf 

' tiie lead and those on the other promoting corrosion, is eiinplt 

but it can scarcely l>o explained to thoso unfamiliar with c 

istry without being somewhat elementary and explaining t 
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Tneaning of tlie terms carbonates, sulphates, &c. This I Bliall 
.inlwivorto do OS briefly as possible. 

Among the range of chemical compounds found in nature or Aotoi. 
xluetid ill art, \» a class of bodies called acids. Many of them 
( faniiliurly known in tlie prai-tice of the median [(-iil arts. 
Rlphnric atnd, cotnmonly culled oil of vitriol, is an instance, aaipbiirio 
l^is very corrosive and will combine with most of the metals 
readily. AV'hen sulphuric acid thus combines with a 
the eombination is termed a sulphate of that metal. 
. sulphuric acid comhinea with zinc and forms a enl- auiyi>at«». 
pllste of zinc (wliite vitriol), a snbetance louch used in 
calico printing, and as a medicine, Sulpliiiric acid also cora- 
binis with lime and forms sulphato of lime (g^'psmn), a snb- 
3 often contained in solution in water. It must be under- 
k1, however, that although sulphuric acid is a very corrosive 
., it loses this property when it combines ■witli anything, 
1 ofi lime. Nitric acid is another iUustratton of this class of KitricMid 

It is also Corrosive, and is known in commerco as 
<tjiyrttti. Wlien nitric acid combines with any tiling — for jriif»i«». 
mple, liine or potash— we call the combination nitrate. In 
B mentioned, wo say nitrate of lime or nitrate of potash. 
B combination has lost the properties of the acid, for when 
■ acid combines with a hose, as the potash or lime would bo 
ped by chemises, each neutralizes the other and the compound 
I entirely now properties. Carbonic acid fomia carlKinalescMOniiioioM 
. it combines with a base. For instance, chalk is a com- 1 
n of carbonic acid and lime— a carbonate of lime, Plios- 1 
e acid, wliich is formed whonover the phosphoriia end of " 
ifer match bums, forms phosphates. There exists in the ^ 

1 bones a euhstance called pliosphate of lime. It is sim- 
t compound of plioephorio acid and lime. I have already 
tiuued tlio bonttCB as a does of snlHttajiccs that exercise a 
Hstive iiifluenco on Ioa<l, Borax is an instance of a borate ; » 
rucally it is known as borate of soda. The termination ti 
' imUcotos tliat some acid has combined with aometliing 
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eke called a base. Such terms as chloride and sulphide also 
The terming, mean that an acid has combined with a base, but the ter- 

tlon*'lde.' 

mination ^' ide " shows that it is another kind of acid that has 
entered into combination. Chloride of iron would mean that 
an acid known as hydrochloric acid has combined with iron. 
The termination " ide " instead of " ate " is only a device to 
denote what kind of an acid it is that has entered into combina- 
tion. For instance, chlorate of iron would mean chloric acid 
and iron, while chloride of iron would mean hydrochloric acid 
and iron, 
combiiuttion It is a peculiar fact that when an acid has entered into com- 

of an aold 

withabaoe. bination with a base, if another base presents itself the acid 
will often give up the first base and attach itself to the new 
base. For instance, water sometimes contains sulphate of 
lime in solution. In passing through a lead pipe, the lead 
offers a superior attraction for the sulphuric acid contained 
in the sulphate and the acid leaves the lime and goes to the 
lead, forming a sulphate of lead. So, also, a phosphate of 
lime in passing in solution through a lead pipe, will become 
decomposed, the phosphoric acid going to the lead and form- 
ing a pliosphate of lead. And so it is with the other " ates " 
and '" ites " and "^ ides ; " tliey are apt to form a carbonate, 
a phosphate, a borate or a nitrate of lead, or a cliloride or a 
sulphide of lead, or a nitrite of lead. These new combinations 
form on the inside of tlie lead pipe as a crust. Now, if tlie 
Salts of lead, new compounds are themselves insoluble in water, they will 
generally continue to form on the inside of the pipe until they 
have become sufficiently thick to protect the pipe from the 
action of tlie water. If, on the contrary, they are very soluble 
in water they Avill be washed away, and a fresh surface of lead 
being exposed the corrosion will go on until the metal is eaten 
through. This explanation will render clear the proposition 
Protection which Dr. Cliristison has stated, that " the proportion of each 

of pipes. . . 

salt" (for instance, the sulphate of lime, since all such com 
pounds are known in chemistry as salts) " required to prevent 
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■Tion, is nearly in tho inverse ratio of the Bolubility of the 

>:>i[>oniid which ita acid forms with the oxide of load." Theo- 

: ;i(ally, then, tho answer to the whole question would soeni to 

■ [lond on thp solubility of the salts of lead. The carhonute of ». 
.d is Boluhle in 50,000 tiniCB its own weight of water. This "' 

iK-ans that it a practically insoluble. Tho sulptiate of lead is 
"liible 20,OiXI times ita own weight of water. So far as choni- 
-r* have been able to tell, the phosphate of lead is altogether 
'iioluble. The nitrate of lead, on the other hand, is solnblo 
1 only three parts of water — that is to say, a gallon of water 

■ ir the capacity of dissolving one-third of ita weight of nitrate 
f lewL Chloride of lead is soluble in 135 parts of water (a 

' I nngerons degree of solubility). The oxide of lead is dissolved 

liv pure water at the rate of 8 grains per gallon. 

Tho prfjbleui of telling in advance whether a particular sam- ^i 

[lit' of water will act favorably or unfavorably on lead, w.>uld " 
hii bo 8« difficult if the theory just develoi>ed was allowed toj^ 
I'lnain undisturl^ed in its application. The trouble is, how- 
■• 'T, that other laws are at work distributing and complicating 
iir calculations. For instance. Dr. Nevins has asserted thatj, 
In- salts above described as protective of lead, are only so when 

iliey are present in small proportion. When present in largo 

]>roportions, tliey seem to permit an action upon the lead. Dr. 

Novius claims that he has obtained results in his experiments 

■ fdch warrant him in this statement. It may be, perhaps, that g, 
ill- salt of lead formed on the pipe, while not soluble in ordi- fi 

ii.ii-y water, is soluble in water containing an excess of the sub-" 
Glance which eansed tho deposition of the crust on the lead. Tlie 
following is an illustration of this peculiar chemical law. If we ^ 
mix soroo lime in water and, after allowing the lime to settle, * 
r off the water, we will have a perfectly transparent liquid 
ntuntng lime in solution. If wo now direct a stream of car- 
nic acid gas through this liquid by means of a tube, it will 
tome qnite milky, and in the course of a short time a white 
wder will aettle at tiio bottom. A chemical change has been 
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effected iii the liquid. The earbonic aeid has imited with tlie 
eoluhlc lime and formed a carbonate of lirac wliidi k icisolnUIe 
in water aud therefore ankB to the liottom. If n-o tlivu stir 
up tlie mixture and continue to drive a Btream of cai-liouic acid 
through the liquid, llie latter bcuomett t-U'ar again. AiiDthcr 
chemical changu has been aceomplishud. The carbonic acid 
having changed all the Hme into carbonate of lime, went on 
dissolving in tlie water, and booq the liquid liecnme a strong 
Bointion of carbonic acid. Now while carbonate of lime is iu- 
Eohible in water, it is soluble in a solntiou of carbonic acid, and 
therefore dissolves and disappears. Whatever may ha thi 
reason for tlie action that Dr, Jlevins describes, it is well 
rrotwit™ bear the fact in mind. In I'clation to it Dr. Ohristtsou remU'l 
UTei'DiriD that if the protective salts arc not protective tx^yond a oerfei 
otgree. limit, it 18 Dcccesary to tix tliat limit before we can dednee M 
pi-octical results from the suggestion. Dr. Ncvinshaa not doi 
80. From all that wo know of the constitution of natural wat( 
that are applied to household use, it ia more than probable ib 
the proportion of salts necessary to change tlieir own actii 
from that of protection to corrosion, is greater than is ev 
likely to occur outside of the laboratory. 
uuooot The most perplexing question in connection with the subjet 
is that which regards the mixture of salts, some of which At 
protective and others corrosive. Thus, suppose uitrste 
lime (a corrosive salt) aud carbonate of lime (a protective bs 
arc found in the same water, what will be tlicir probable aetiot 
The answer, no doubt, depends on the proportion of the 11 
eubstances as they exist in tiio water. This matter, howevi 
can better be explained after we have coii8idere<l the action 
each class of substaneea which occur in watef. But after i 
the questions depending for their answer on theory hav 
disposed of, there still remains the fact that local causf-s nil 
L«d|K>uoa-givc us very unexpected resuits. Prof. NichoU lipeaks of tl 
"' ""■ case of Dr. Treadwell, of Salem, Mass., who euepcctod tlial 1 
was suHering from lead poisoning, and who sent to him ft 
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aniljsiB aaraplcs of tlio water supplied to hia house. Lea4 
waa found to l>e prceent in tha water in largo qnantitiee. A 
specimen of tlio water from tlm same aqueduct, but token from 
soother locality, afforded only a trace of lead. Here some local 
cat^e was operating. Dr. Chrietison, whose observations on 
;i;i8 eulijvct aro always of gro:it value, remarks tliat unforeseen 
i rr^metaniH^s iimy counteract all the prtiservative effects of any 
I ■■irtioulur waUir. 

}A<»t watci^ fortunately, contain carbonate of lime, and this 
-ulidUiicu is the most effective protector of lead that cxiets in' 
vrat«r. It is to the presence of this salt in drinking water that 
we owe tlio absence of lead in mo&t cases in which the test is 
uiade. I have already explained how the carbonic acid of the 
air diasolved in the water combinoa with the oxide of lead, and 
thus rcatdjtis the latter harmless. It i^ in a slightly different 
wny that the carbonate of lime dissolved in tlie water affords 
r'lu tame protection. Carbonate of lime, which is seen in chniii. 
i.iinrB as chalk, limestone and marble, is not soluble in water — nuirbii 
r at least is practically insoluble, one part requiring for its 
-. ilntion more than 10,000 parts of water. But as it was shown 
III tliu little experiment referred to above, the carbonate of 
lime is soluble in water containing carbonic acid in solution. 
If some carbonate of lime be dissolved in water containing 
carbonic acid gas in solution, and the latter be removed by 
boiling, the water will no longer hold the carbonate of lime in 
solntiou ; the particles of the carbonate will soon be seen fall- 
ing to the bottom, giving the liquid a milky appearance. This 
\[«erim(.-nt can be easily performed by any one, by simply 
oiling a little calcareous (or limestone) water. Wliat occui-s ^g,io„ 
:i this experiment ia similar to what occurs in the lead pipes, Jj^^" 
M.ly the carbonic acid is withdrawn from the water in another 
:iianner. The oxide of lead is formed by the action of the 
■ on the pipe, as has already been explained, and this 
e of lead combines with the carbonic acid dissolved in the 
ter, as previously shown. The carbonate of lead is formed 
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and, being inaolnblo in tlie water, collects on the pipes. Btil 
tlie carbonic acid, having been removed from tJjc water by liie 
oxide of lead, the water can no longer bol<l the carbonate cf 
lime in solution, and this colIcctt< on the pipes also. C^onae- 
qnently, the crnst formed on the inside of lead pipes in dietric 
in which tlie water contains any limestone, is composed of 
mixture of carbonate of lime and carbonate of lead, toth 
which being insoluble soon become of suHicient thickncea 
defend the pipe from the action of the water. 

Other carbonates are present in water besideH that of lin 
III disciiasing the constitntion of water, I referred to carbonat 
of magnesia (common niagneeia) and carbonate of iron. T 
former, though not very Bohible in water, is ranch moie so th 
carbonate of lime. It is very solnbic in water containing a 
bonic acid. It acte in a similar manner to the lime carbonal 
and protects the lead against tlie corrosive action of water. 

An experiment noted by the French chemist il, Dnmas 
interesting, not only as tending to prove the statements alrcat 
made regarding calcareous salts, but as being one which any pc 
son with moderate skill can try for himself. He took five Ik 
ties, and placed in each some pellets of lead. He then ponri 
into the first some distilled water, into the second some ni 
water, into the third some water from the Seine, into the fourt 
water from the Ourcq (the drinking water of Paris), and ini 
tlie fifth some well water. He allowed them to stand, a 
presently tested them with sulplmretted hydrogen, a delici 
test for lead. The distilled water gave unmistakable signs 
lead. The water in the other bottles showed no lead whatev 
Ail of the latter specimens contained calcareous salts. 

It is claimed that there are two or three substances wl 
presence in water prevents the carlx)nates from exercising th» 
protective influence. One of these is carbonate of soda (so 
ash), bnt so far it has never been shown how much of it tlie 
must be in the water to interfere with tbc action of the ot 
carbonates ; and besides, as this substance always exists in wal 
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as the 1)ic;ar1>onate, which has no such effect as ia claimed for 
the cart>onat«, the question seems of little importance. Another carbonio 
fat>stanco is earbonie acid gas itseif. We have Been that the 
carbonate of lime is dissolved in water containing carbonic acid 
in excess. Now, nnforlnnately, if tho carbonic, acid is in great 
' xcess, it enables tho water to dissolve some of the lead. 
Itereiii is the great danger of employing lead pipes in soda- i^'ip'p"'" 
water fountains, for this beverage, being nothing more than t^nniaimi. 
water highly charged with carbonic acid, acts vigoronsly on tlio 
pipes and hocomcs poisonons. Fortunately, however, in natnre 
waters highly charged with carbonic acid arc rare and are gen- 
erally medicinal in their character. Such are the waters of 
Carlsbad, Spa, Pyrmont and Seltzer. Pruf. Marais made an pK,t. Knmii' 
-■"cperiment in which he produced the conditions present when""" °"'° ' 
-tia water is drawn from leaden pipes. He allowed eome 
■.later holding carbonic acid dissolved under pressure to act on 
a picec of sheet lead for some time. He afterward tested the 
water and found that it contained in solution aiioul one grain 
of carbonate of lead per gallon. It would seem, then, that nn- 
iler ordinary circnmstances a pipe ought to last for an indefinite 
time ; but, notwithstanding all that lias heen said, we do occa- 
sionally find i>ipes that liave worn out. Prof. Ripley, in aprae.Ripier. 
report to the Massacliusetts Board of Health, from which I have 
before quoted, speaks of a specimen which had been in contact 
eold water only for a period of fifteen years, which was 
corroded in the vicinity of the solder joint as to be eaten 
ftroogh, and along the pipe there was a thick coating consisting 
almost entirely of the carbonate of lead (with organic matter, a 
little carbonate and snlphato of lime and a trace of the oxide of 
iron), which had penetrated the pipe in some places to tho 
depth cif one-fifteenth of an inch or more. The protecting car- 
Ijonalc of lime was there, but tho protection was not perfect. 
Here wu find another instance of the influence of local causes 
in defeating the action of general laws. The proof which caues wniah 
estabUshcs the protective action of the carbonates is ample, and Srot^iTa 
we most look clsewlicro to find a reason for occasional excep- ^^'t^' 
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dons to the general rule. Tlie water is sometimes delivered 
under great preaeurc, and otlier i)tij8ieal agencies tend to impair 
the strength of the pipe and tii promote corrosion. 
BoJpiuiM Water may contain several snl])hates. I have already spoken 
of Hiilphate of soda (Glauber's salt), sulphate of limo (gypanm] 
Bniphate of magnesia (Epsom salt), sulphate of potash and 8o| 
phiite of aliuiiina. The Bulphatee, except in a few cases, ai 
not found to snch a largo extent in potable watera ua the ca 
pnponiciB of bonutes. Tiie follow ing tiible gives the number of grains pi 
•ndiioiphaiB. gallon of carbonates and sulphates in llie drinking water iiee 
.oppiied to by the cities of New York, Boston. Philadelphia, London am 
' Liverpool. The fourth colnnin gives by percentngu tlio pr< 
portion of the sulphates to the carbonates, sliowing how mod 
tho carbonates exceed tlio sulphates in their distribution il 
natural waters : 

Carbonate*. Sulphatet. 

Nome. Qraiaa per g&llott. Qnuna per gallon. Feraatil 

Croton 4-658 0-3S8 -H 

Cochitiiate (Boston) 0-830 0-103 '1 

Schuylkill (Philadelphia). 3-867 0-057 H> 

London 10-972 6-705 •& 

Liverpool 0-870 1-000 X-Il 

Action of Sulphates act like carbonates and protect lead from corroBioi 

M. Fordos records an interesting experiment which explains tli 

M Fordai- manner in which the sulphates protect lead. lie agitated ; 

""" men . gjj||jjjj,jj ^f sulphate of soda in contact with some pellets of leaf 

in presence of air. There was soon formed a white powda 

consisting of carbonate of lead and sulphate of lead. The f<J 

lowing action had gone on in the liquid; The oxide of Icai 

had acted on the sulphate of soda and had abstracted some oi 

its sulphuric acid. This liberated a little soda, which thei 

combined with tho carbonic acid of the air and formed carbon 

rniubia "^^ ^^ Eoda, which in turn was acted on by tlio lead, forming 

*«^wiin'wn» carbonate of lead. It must be remembered ihai such chongoi 

taMfc as these are constantly occurring, one substance displacing aa 

other from its combination and the displaced sulistance cot 
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hinin^ witli something else. It k the course of things whidi ia 
anttiitllv ciarried nnt in tlio water pijie. 

lu gronnd aliniiinliiig in iron p^-pitca ^sulphide of iron), disor- euipnuiBiuit 
ganization and oxidation of tbf sulphide often takes place, the onw"" 
pnxluct being sulpliate of iron, oi- copperafl. The latter siibstaacu 
fTvqacntly finds its way into wafer, and must be classed as an 
KXCvption to the rale regulating the sulphates. It indirectly 
»iai!«» a very serious corrosion of the load. It is tnie, however, 
in the case of the sulphates as in the case of the cai-bonatce, that 
their presence in water does not prevent the water from dissolv- 
ing a trace of lead. It is merely a scientitic fact of no great 
l'|)ncticiil importance, as the quantity of lead dissolved is so 
■mall, although a triHe larger than in the case of the carbonates. 

The action of the phosphates, it is agreed, is to prevent the Ani™o( 
action of water on lead. The p!ios]»liato of lead, which is ^^a. ' 
formed wlien water containing those ralta flows through lead 
pipes, is <j«it« insolnble. The Importance of this fact, however, 
is not very great, aa but few waters contain phosphates. The Lanepw- 
Croton 18 a remarkable exception, aa it contains, according to ^^1X«« 
Pn>f. Silliman's analysis, 0'83'i grains to the gallon, or more """^'"^ 
than as much as of sulphates. The otlicr waters mentioned in 
the table contain no phosphates at all except in the case of some 
of the water supplied to London, which contains a trace of 
pbosphatti of time. The protective influence of the phosphates 
■iimay be completely destroyed by the presence of organic matter. 
When water flows over iron pyrites it becomes impregnated 
rith a gaa very offensive to the sense of emell. It is culled aid- sui^hiirMMd 
water, and owes its offensive smell to sulphuretted hydro- 
It is claimed that snlphiir waters attack load pipes very 
B'ngoronsly. They form an insoluble sulphide of lend on the Aciiiacr na 
; but inasmuch aa the sulphuretted hydrogi-n dissolved in Hoiend, 
B water is a gas and acts directly on the lead and without the 
l^tterrention of the formurion of the oxide of lead, it is likely 
t the coating of the sulphide presents no obstacle to tlie con- 
t oorrosion of the lead by the gaa. The use of lead pipca 
r the coDVcyimco of Hulphur water is, I thinlv, unsafe. 
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St "Waters containing nitrates and nitrites aguallv attat'k let 

^vigoronsiy, forming nitrate and nitrite of lead, botti of whic 

''■ are readily solnble in water and very poigonoiis. Tliey corrod 

t)ie lead ; the resulting salt^ are washed away, leaving Uie sm 

face of tlic lead clean, and the c^rrofiion goes on. Both mtrati 

and nitrites arc formed from tlib action of organic matter an 

act in innch the same way. For convenience I may call tlien 

both nitrates. 

(( A very small qnniitity of nitrate of ammonia in wafer, or o 

^ any other nitrate, acts just as vigorously as a large quantity. Ii 

^ some experirncntfl made by Dr. Muir. a grain and a half of I 

nitrate to the gallon seemed to act ax vigoi-oiisly as double tbi 

quantity. If the quantity of nitrate* be sotHcicut, they wi 

corrode a pipe even in the presence of other salts, and in caae 

in which pipes badly corroded have been examined, a crufit t 

■• carbonate and sniphate of lead has often been found. Beneai 

this coating pits in the lead were discovered, Eometimes fa 

apart and Bometimes close together ; sometimes a few in nun 

bcr and sometimes numerous. "The coat over tiiese caverns,' 

says the experimenter, " was generally elevated and mammillai 

protuberances were thus produced. The action had been mo 

energetic beneath tlua elevated portion of the coat, the pif 

being generally bright and of metallic appearance." The actio) 

of the nitrates is often facilitated by the presence of eertai 

otlier salts, such us copperas (sulphate of iron). 

of The BoiircG of the nitrates is the decay of animal or vegetabl 

ir. raatfirial. This furnishes the nitric acid which combines wit 

the lime, or alkali, or other basis found in tlie soil, and forni 

nitrates. Nitrates are largely formed in stables and wherevo 

sewage is allowed to ferment or decay. Wells often contai 

considerable quantities of nitrates. River water, especially aftc 

a freshet, and spring water sometimes contain nitrates, but i 

flnctnating qnantities. The East London "Water Company 

water contained seven-tenths of a grain per gallon, but tli; 

quantity as yet seems to have produced no bad results. 
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Tie chlorides are mncli less vigorous in tlicir action Tipon 
1 than the nitrates and nitrites. Common salt is an example 
a chloride. Its chemical name is chloride of E^odium. When 
i 18 dissolved in liydroehloric acid (muriatic), chloride of 
r salt, IB produced. In like manner, when potash is 
wived iu liydroehloric acid, chloride of potassium is pro- 
sed. This brief explanation may show the meaning of 
I terra chloride, which indicates, witiiout going too deeply 
> the theory of chemical oombimition, tlie union of hydro- 
oeid with souiu hase, like potasli, soda or lime, 
hloridet) are ahuudant in waters, and an exact knowledge of ' 
Bir action ou lead is important. The chlorides found in . 
Eer are chloride of potaesiiim, chloride of sodium, chloride 
dura, chloride of magnesium, and, rarely, chloride of 
inm. By reference to a table already given, the reader 
te tlie amount of chlorides per gallon in the water sup- 
i to several large cities. Tlie chlorides are usually present 
r proportion than the sulphates in potable waters. A 
, at Hartford, Conn., yielded on analysis, 15J grains of 
loridc of sodium, lOJ^ grains of chloride of calcium and 2^ 
of cliloride of magnesium per gallon, or 28'398 grains 
r grdlon in all. Tlie Red River euutaius 38 grains of eom- 
tttn salt per gallon. The Ilampetcad water supplied to Loudon 
ntains as much as 7 grains of salt per gallon. The Trent, of 
iglaud, holds in solution 17J grains per gallon. Now, witli 
ference to the action of tliese cliloridcs on lead, eonceming 1 
I it ifl very important that we bo exact, chemists differ, 
B generally received opinion lias lioen for a long time that 
:nce of the chlorides facilitated the corrosion of the 
Tlic chloride of lead, which is formed by the action of 
elilorido on that mctAl, is slightly soluble tn water, one part 
water taking up ^^ of its weight of the salt. This 
blonnt of solubility is very dangeroue, as the proportion 1 to 
i means IJ ounces of the poisonous salt to the gallon. On 
! other liaiul, Prof. Huir, after extended researeli, gave a.s 
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ono of tlio results of his investigations, in a, paper read before 

the (flaegow Philosopliical Society, lliat the chloridea do not 

incrBafio, but r&tlicr diniiTkish, the action of water on load, and 

fciiahuiirof that, too, when the wutur containft a nitrate. Porhiipe the fiin- 

■Bioponcoa-gular TL'sult of the professor's experinients maybe explained li 
coafiidcring a fact to whidi I liave already referred, and tl: 
(Itsregard of which hiis been an occaeion for etuuibUiig to ItuitJ 
experimenters, viz., that Boine ealls wliich are only jiartialt 
soluble, or (juito insoluble, in water, niay have their conditio) 
as regards sohibility entirely changed by the introduction a 

KBif^copBrf- another ealt. Prof. Muii" Buspeiided bright nheets of lead in i 
oiMiTe. solution of chloride of calcium. Had he chosen anotbo 
chloride his results might have been different. The actitm o 
tlie chloride on the lead produced a chloride of lead wliieli di< 
not dieaolve, and consequently the water showed only traces 
load. It is known, however, that the effect of chloride of cal 
cium is to prevent the solution of the chloride of lead uircad; 
•furmud; for, although the latter is suhihic in 13d parts a 
water, it takes C34 parts of water containing chloride of cal 
ciuin to dissolve it. The experiments of Dr. Muir, then 
cannot be regarded as disproving the oxperienct' of tlie past- 

cbiorMai set Tliero is an important difference between the action of tin 

oatthccurmB- clilorldes on lead and the action of the other salts to which '. 

•xido, have referred. The latter require that the lead shonld be iiw 

oxidized or rusted before they can act. Tho dOorides M 

directly, without the formation of an oxide. No air, then 

fore, is necessary in such action. It follows from this that tW 

AdiioBof chlorides will act in casea in which other agents fail. 

oohUeooum. action of the chloride, also, does not stop with the formation 

a crust on tho lead, as is the case with the carhonates. It 

continuous. The process of sohition goes on until all 

salt is used or the lead entirely dissolved. After a tint 

little whito knobs will be found on the lead, varying in sii 

fmni a pin's head to a pea. If these are removed the lea 

will be found to be pitted and very bright in these places. Bll( 




•Beudea their direct action, tiic cliloridcs have an indirect inSu- 
encc, since tbcy tend to render eoluble in water tho otherwise 
ititokible enlphiite of lead. 

Tbo corrosive action of the chlorides has an especial impor-ci 
Itnce ill connection with Bca water, or those portions of rivei-e 
impregnated with tide water. Sea water usually contains from 
2 to 3 per cent, of its weight of common salt. The foUowiug 

f labia shows the number of part« of the chlorides iu 1000 parta 
of Bea water. Two spocimena are given, one from the British 
Iphaanvl and one from the Hediterranoan : 



Sftlt. Britiah ChaaneL 




Chloride of eodium 2S059 


•2'J--i2i 


Chloride of potasslnm . . . OwSG 


0-505 


Chloride of magnesium. . 3-l!6(> 


3-219 


Total chlorides 32-491 


33-14S 


should be remembered that the corros 


ivo action of thecuommiw 



chlorides U nut nearly so great as that of the nitrates, for the at u»a 

chloride of lead is much less soluble than the lutratc of lead, 

and the former may, therefore, be formed on the pipe as & thin 

■ coating whicli, under some circumstances, may act as a slight 

wtcction, although it is liable to be, and is, constantly washed 

my by tlie dissolving action of the water. 

The evidence of the action of the chlorides, as deduced from 

8 of diacAae. ie somewhat nneertain, as in a record of eases ugnwn 
t lead poisoning a careful analysis of the water ia seldom '''*^''" 
i^veo. Dr. Christison speaks of a house in Banfehirc which 
I supplied through lead pipe with water from a spring 
^ree-qaarters of a mile distant. Two and a half years after 
B owner's occupation of tlie house began he was seized with 
! abdominal complaints, apparently incurable, lie left 
lite place and went to Edinburgh, where he recovered, llo 
returned home and began to usu the water from the lead pipes, 
and his disease returned. An auLiIysis of the water showed the 
jirescnce of lead in it. A more thorough analysis showed the 
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solid contents of tlie wntcr to 1>g Trine " large portion of vhiel 
was chloride of Eodium. 

Lord Aberdeen's country residencso was eupplied witli wnte 
from a Bpring through kitd pipee. Soreralinniateaof llieliooM 
were presently taken sick with lead disease. A white film wi 
discovered on the ehanilier water bottle. Treatment for lea 
colic removed the difficulty. The analyBis of the water fliowo 
that nVir ^^ ''' ^"^ eolid matter, most of whitih condMud B 
chloride of Bodiiim, 
•a The iotiides and bromidcB have an effect upon load veryeimj 
lar to that exerted by the chlorides, but they are rarely fonn 
in potable waters, aiid then in very minute gaaotities. Thpy iV 
not need, therefore, to he classed among the agencies tif i 
eion to which lead pipe is commonly eubjected. 

The action of organic matter upon lead is usoally prompt ani 
positive. By organic matter ib meant animal or vegetable mh 
stances and their immcdmto products. This part of 
investigation has been to some extent anticipated by what 1 
have said respecting the action of acids; but organic mat 
docs not exist in water simply in the form of vegetablu acidt 
In fact, the acids formed by the decay of organized bodies i 
water are only intermediate com]>ounds. The comjiosiUoii o 
the organic matter varies witfi every stage of decay. Chat 
in temperature, contact of other substances and exposure t 
the air, indnco a constant change in the constitution of ftod 
materials. iVs a consequence, organic bodies of various couetita 
tion are fonnd In water. 

The orgiiuic materials present in water are of two kindi 
they occur in a state of solution, or are Biiiiply euspeiidud in th< 
water, retaining in a finely divided condition their solid form 
They sometimes give the water an acid reaction and eometima 
an alkaline reaction. 

Soluble organic matter may be derived from vc^tahU 
docom[x>sition, in which case there is generally no nitj 
and, consequently, no ammonia present, or from tho decay c 
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.1 matter, wliieli gives riao to tlio formation of nitrogenoua 

nponnda (ammonia and nitrates). In fact, tbo latter clasaof 

jpmpoanJs usmilly contain, according to Dr. Wm. Proctor, of 

igland. fi-om 2o to 1 per cent, of ammonia, a dangerous eon- 

t in rcs[K)ct to tlie action of the water on lead. Kivcr*' 
ter tafiuajly liolde in euBpeneJon or golution a considerable m 
totity of matter of uuiin&l and vegetable origin. Sucb are 
fish 6pau*n, loaves, mud and microscopic aninials. 
: decomposition of these bodies produces organic com- 



I action of snch subBtanoes ia most important. If they Aotionorcw. 
e simply held in ausponsion, they may generally be kept out ^mui, 

thu pipea by a proper method of filtering. If they aro 
bwed to enter the pipes, tliey are apt to lodge in somo 
■ul or angle, where they form a nucleus around which 
kor oi^nic matters may collect. Here they decompose and 
I eomponnda which dissolve away the protecting crust of 
Irbonate of lead and corrode the pipes. By their dccomposi- 
1 they evolve ammoniacal compoundfi and nitrates, both of 
ih are destructive to lead, I have already referred to the 
n of tlie vegetable acids and alkalies. If the organic mat- 
1 diMolved in the water instead of being held in euspeu- 
, it cannot ho kept out by means of tiltcrs, and if it ia 
lent in large quantity, it renders the water daugerous to tho 
f of lead. 

8 of decay, or fermentation, gives rise to the e!e- i>«ay«id 
ment of danger in tho preannce of organic matter in the pipes, of uri»uo 
Decay, or fermentation, is simply the decomposition of a l>ody pipn. " 
into its ct>nstituent«, and the recombining of these constitu- 
fonns with now projiertiea. It is a chemical 
indplo generally conceded that an element, in passing from 
I state of combination into another, is most active in its 
wrtiva. So generally recognized is this principlo that the 
stive fuuaent (meaning new-born) is applied to a body in 
. a condition. In tho process of decay many substances 
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must be passing into their nascent condition, being liberated 
by decomposition, and out of it again when a new combination 
is formed by the free substance. During this nascent condition 
the free substance is likely to attack anything which may be 
present and for which it has an affinity. Whenever, therefore, 
lead is exposed to contact with fermenting matter, it is rapidly 
oxidized, and the oxide thus formed is dissolved by the organic 
acids which result from the fermentation. Even if the salt 
formed by the organic acid and the lead is insoluble in water, 
it may be dissolved by an excess of the acid in the water. The 
principle in accordance with which this takes place has already 
Corrosion of been referred to. Lead is often corroded by contact with 

lead by con- 
tact with de- decaying wood. In Amsterdam lead roofs were substituted for 

cajrlnip wood. 

tiles. The inhabitants used, for culinary purposes, water col- 
Lead poison- lected from the roofs and through lead gutters. Lead colic, 
•terdam. wliicli had rarely appeared in that city, broke out as soon as the 
lead roofs were introduced, and in a violent form. Doubtless 
the purity of the rain water had much to do with the result, 
but as the trouble occurred especially in the autumn, the 
inhabitants ascribed the rapid corrosion, in great measure, 
to the decaying leaves which at that season lie on the roofs. 
Experimental Au illustration of tlic actiou of organic matter on lead may 

lUustratlon of ^ ^ ® *^ 

the action of be obtained from a little experiment which any one may per- 

or^anlc mat- 

ter on lead. form. If a Strip of bright lead be immersed in a glass of 
dark-colored rose water exposed to the air, the water after 
some time will usually be rendered colorless. The organic 
matter of the rose water is decomposed by the lead, which itself 
during the process is corroded. If such water be tested after- 
ward it will be found to contain lead in solution. 

One of the most important features of the action of organic 
matter on lead is the fact that it enables water to dissolve some 
of the protective salts of lead, such as the sulphate and phos- 
phate. 

Amount of Tlic amount of organic matter in water is variable. There 
terin water, is generally a small amount in all waters. Even water from 
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,itic dietricte, according to Dr. Procttr, c^ntaiDs from 0'3 

T griiiiiB per gallon, while water which has permeated 

igetahle soil may atford 12 to 30, or eveu more, grains per 

ipillon. The amount of organic matter generally depends on 

iges. The sources of organic matter derived from 

imal decay are numerous, ehietiy animal excreta and the 

use of manufactories. The contents of sewers and cesspools & 

Ihiin into springs or rivers, or else the water permeates tlio soil 

more or Icm impregnated witli sewage. Water may be contam- 

inatcil in this manner by a nnJaance at a considerable distance 

it, depending on the porosity and tenacity of the soil. 

■e is very little doubt that to this ejiuse many cases of corro- 

of pipes and many aecidente arc due in localities where 

eoostitiition of tiie water and the gcTieral experience point 

Bftfety in the use of lead pijies. Neither the Croton nor 

ihituate water usually contains organic matter. The Scliuyl- 

water, on an analysis by Prof. SilUman, Jr., showed 0'08 

3 to the giiUon. 

■"o liave coiisideretl the action of each salt as though a water 
ild bo found which contained only one salt in solution. The 
it {b that waters often contain several salts, and the (jueetioii 
irally arises, May not ono salt interfere with or affect the 
of another! On tliis question Prof. Mnir advances some 
iBJons hased u\mn experimental teats, lie poured into a clean 
600 c. e. (about one-tenth of a gallon) of water, and poured 
lilar quantity into each of several otlier flasks. " To these 
added weighed (juantities of various saU*. Pieces of clean, 
;lit lead were then suspended by threads in these solutions, 
tlio liquid should have free access to all parts of the 
Thos the surface of lead aeted on could Iw accurately 
ilermincd. Each piece was of the same size, and the surface 
in was S-65 square inches. Tlio flasks were set aside for 
and 72 hours, and at the expiration of each period the 
nt o£ lead dissolved was estimated." An idea of the accu- 
of the operation hy which these amounts of lead wore 
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estimated may bo gained from the fact that the reaction em- 
ployed was Biifficiently delicate to detect two parts of lead in 
•■ 1,000,000 parts of water. He giv^ the resulto of his experiments 
in tabulated form, and from tliis table I take so much as refers to 
mixtures of salts, changing tlie arrangement for the sake of 
greater clearness. The first column gives the number of the 
experiment ; the second gires the names of the salts placed in 
the flask in wliicli the experiment was carried on ; the third 
gives the proportion of the salts (the strength of tlie solution) 
in grains per gallon ; tlie fom'tb, fifth and sixth give tlie esti- 
mated amount of lead dissolved in the water at the end of the 
three periods, 24, 48 and 72 hours. 



Names of Salta. 



Nitrate of 

I Nitrate of potash . . . 

I Sulphate of eoda. 

Nitrate of ominonia . 
I Nitrate of potash. . . 
I 3ulpliate of soda. . . . 

I Nitrate of potash 

( Carbonate of potash. 
I Nitrate of potash. . . 
I Sdlphate of potash . . 
r Nitrate of ammonia 
^ Carbonato of potash . 
L Sulphate of soda 

(Sulphate of soda. . . . 
Caxbouate of potash. 
_Chlori(!e of pnlcium. 



kooTB. hours, hoim. 



' The table, although divested of much of its original intricacy, 
I. seems somewhat comphcatcd, and requires a littlo study in 
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rorder that wo inaj see the important practical truths whicli it 
-TCToais. In experiment No. 1 a nitrate alone was usod and its 
'corrosivencss noted. The finantity of nitrate nsed, it must be 
reiiicmliored, ia very large; vo eoldom see any natural water 
with 80 large a proportion. The East London Water Com- 
pany's wat«r. previously referred to, only contained one-half 
this quantity, or 0-7 grain per gallon. In experiment No. 3 
the Bjune qnantity of nitrate was used and a sulphate added, tho 
proportion being as 1 to 2|. Mark the protecting power of the 

Isniph&te. After 24 hours the nitrate alone had removed 0-91 
grain, but when accompanied by tho sulphate it only removed 
0'14 grain. In experiment Ko. 4 tlio proportion of nitrate to 
snlphatc was 1 to 6. In this case only 005 grain wa« removed 
after 24 lioura and only 0*08 grain after 72 hours. In experi- 
ment Xo. 3. where the same quantity of nitrate was used as in 
Ko. 4, 2-2+ grains were removed at tho end of 72 hours, Ex- 
jieriiuent No. 5 shows that a carbonate exercises a more power- 
ful protective influence tlian the sulphate, for after 48 hours 
Ithe nitrate liad removed no lead, and only 0*031 grain after 72 
hours, praotieaily nothing. In experiment No. 7, in which a 
nitrate, carbonate and sulphate were used, there was no action 
until after the third period, and then only 0'02S grain had been 
removed. In experiment No, 8 a chloride was substituted for 
a nitrate. 

The results of these experiments are very important, since i„_t,rt»iio» 
tliey teach tliat oven the dangerous nitrates may exist in water "' " ' ' 
rwitliont any detriment to the pipe if there be also sufficient 
[ carbonates and sulphates. If the proportion of nitrate to car- 
I bonato or sulphate is large, the latter salts offer but little pro- 

■ tection to the pipe, nor can wo expect any favorable resnlt if 

■ the chlorides he in excess. Sulphate of lead is somewhat soluble 
f. in water containing chlorides. A case is reported by Dr. l, 
I Thomasou of the poisoning of a numlier of people at Tnn- {," 
I "bridge, England. The water was conducted a qnarler of a mile 
k through a lead pipe. An analysis showed that it was very pure. 
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containing only one part of valine mairer (tliree-fonrtlw cliloride 
of Bodiuin) in 38,000 parts of water. In this case tliu pi-opoN 
'(tton of the chloride was too great. The action of mixed ealu 
would seem, therefore, to depend upon their proportion to each. 
uthcr in the water holding them in solution. When the pro- 
portion of the corrosive ealts is not too great tliey riny ba 
a^nmed not to interfere with the action of the protective salts. 

The water HUpplicd to the city of London la a practical illin 
tration of the truth of these conclusions. It contains both: 
nitriites and chlorides, and yet, on aecount of the nbundaiice o 
carhonatos and sulphates, the influence on the lead pipes tUrongh 
whicli it flows is uninijxirtant. 

AVhen organic matter is prosMit in tlie water, in connection 
wiili other substances, it tB almost impossible to predict what 
will he the action. It is safe to say, however, that unless th« 
quantity of organic matter is exceedingly small, the pipes which 
convey the water should be suspected until a long expuriencQ 
has proven that there is no danger. The general exjMtrienee iB ' 
unfavorable, the organic matter in many instances completely 
destroying the jirotcctive action of the other salts. The crostB 
of carbonate, sulphate and phosphate of lead, wliich owo tlieir 
protective action entirely to their insolubility, are often easily 
dissolved by au cxccsa of organic matter in the water. Com- 
pounds of ammonia with organic acids easily dissolve sulphate 
of leatl. Phosphate of lead is readily dissolved by the feeblest 
acids. 

The most vigorous action occurs when several currosivg ealti 
arc found together in water, or are found in connection with 
organic matter. The most usual combination is that of tlie 
eliloridcs and organic matter. Chloride of lead is soluble to I 
dangerous extent in water, as we have seen, but ita solubility ii 
much increased by the presence of vegetable acids, and of am- 
monia and other alkalies. 

Sulphate of iron (copperaf) and nitrate of lime (lime saltpe- 
ter) react on each other in a manner dangerous to lead pipa 
Copperas is composed of sulphuric acid and iron. When' 
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poeod to ftir and water tlie iron 1jecomt!S rui^ted, and this 
reaction sets free somo of tho Hulpliuric acid, which then acts 
oa tlie nitrate of lime. The latter eubstance ie composed of 
nitric acid and lime, Tho free Biilphnric acid attacks the liino 
and expels the nitric acid, wliicli, being set free, attacks tim 
lead. 

Extraneous Bubstances rot belongino; to the water whicb loflucnnjof 
lowK ttirouf^h tlic pipe Bonictimcs act as corroding agents, and ■ahauiuia 
bcir action has often been confounded with the action of the 
rattT itself. I liave already alluded to tho efEect of a piece of 
DortJir dropping into a cistern or tank, and also to the poaei- 
lility of outside corrosion of a pipe. I eliall now refer to onljr 
lie other extraneous substance wliicli may affect the integrity 
f lead condnits. Service pij>es of this metal are generally omonnf 
ttacbed to iron mains, and iron nist is sometimes carried from iraapHK 
he main to the pipe. The question is, Does this substance 
fFcct the pipe I Authorities are diametrically opposed in their 
iiBwers to this question. In the first place, we have an esperi- 
icnt made by Piof. Ilorsford. Iron combines with the oxygen 
f tho air in severnl proportions. Iron rust is an oxide of iron 
rhich contains one nnd a, half times as much oxygen as the oxidu 
f iron which nsually enters into combination of acids to form 
nlphates, phosphates, itc. Tlio latter oxide is called the pro- 
}xido. Till! theory of the action between lead and iron rust is 
iiat lead takes away a portion of the oxygen from the iron rust, 
educing it to protoxide of iron, which combines with other 
jaterials in the water. Wlion the load withdraws the oxygen 
rom the iron and appropriates it to itself, it becomes oxidized 
r mstcd. This theory of the oxidation or corrosion of tho prof. Hon 
Prof. Ilorsford disputes, and dL-fende his position by J^JJii^i. 
xperiincnt. lie placed bars of lead in contact with iron 
list, ia open tubes contiiining Cochitnate, Croton, Jamaica, 
'aimiount, Albany and Troy water, and at the end of two days 
Mited the water for protoxide of iron. No reaction was oi> 
Subsetjucnt tests were made at the end of seven, 
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twelvo and twenty-three days, but no trace of protoxide of irwi 
waa found in the water. The iron nist )iad, tlierefore, not bopo 
reduced by the Icatl, He a^n placed iron mat and bright 
}tata of lead in flaska of distilled and Cochitaate water and sealed 
theni. These flasks were kept for a long time aod the bright- 
ness of the load was not in the elighteet degree dimmed. As a 
laboratory experiment this ia of importance, but in the llgbt of 
the actual csperienco of lead pipe in contact with iron, it seenu 
ineulBciont The following case, althoug!i not bo Bystcmatie 
t nor BO easily explained, is mneh more important. The water 
- of a certain spriug in England had flowed into and from a 
leaden reservoir for CO years without injury to the reservoir or 
contamination of the water. It was conveyed to and away from 
the reservoir in lead pipes. The water was afterward convej-ed 
tbrough iron pipes and immediately lead was found in solution. 
The water was then foimd also to be so destrnctive to tlie bot- 
toms of lead cisterns that some of them hod to be renewed in 
five or sis yoara. 
( It wonld seem that an extreme inference in either direction 
J regarding the action of iron nist on lead would be inadvisable. 
■ On the one hand, it must bo remembered that it is impossible 
in a lulioratory experiment to reproduce all the conditions which 
exist in the lead pipe. For instance, the rust in tlie pipe is car- 
ried along with rapidity by the water flowing throngli the con- 
duit, and physical action may have something to do in facili- 
tating the corrosion of the leail by the iron. Again, the 
question of tlie infinenee of other substances in promoting 
chemical action must not be forgotten. In tlie experiment of 
Prof. Horsford, there were used simply iron rust, lead and 
water containing other subatancoa in solution. Suppose, how- 
ever, that different waters had been used, holding in solution 
different substances, or that another quality of lead had been 
employed, other results might have been expected. It is advia- 
able to suspect iron rust until by long experience its harmlees 
character in each particalar case is established. Its action tiO 
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doubt vnric* with tlic constitution of the water and tlie circiim- 
sbinccs »f pliyaical cyutnct wliicU uttcnd its presence in lead 
pipe. 

We leave now Uio Euliject of tlie corrocion of the lead, ns 

affected l>y the pecnliar confititution of die water, to consider 

certain influences whidi cither a«t independently of tlie snb- 

Btancps that are difisolved in the water or, when an erosion of 

9 luad liuH ah'cjtdy cotntncnccd, tend to incrciife and hasten 

I proceKs. Theso infldenees have perplexed experimenters 

I than othwr hranehes of the subject. They hrinj? about 

oaftlonB and nne.\}>ecled reaii Its, often in direct antagonism 

iomo pot theory which lias Iwen built np on the subject. To 

■ may bo attributed nmny of the contradictions in the rosults 

B'tlte obscr%'at ions of various chemists. 

Prominent amon^ these disturbing influences is galvanic ac- 

Ifo tjlftborate apparatus is neceasary to bring tliis agency 

< opcraUou. The lead pipe with its metallic connections is 

tt M battery in itself. All batteries depend for tlieir action 

ion the contact nf two metals immersed in a bath of some 

[Bid. ITsually. the two metals employed are zinc and platinum 

bnlrer, and the bath in which they arc immersed is dilute 

borio acid, Tlio acid attacks only one of the metals, zinc, 

i leaves the other intact. The metal attacked by the acid is 

lied the positive metal, and the other the negative metal. 

ifcr two metals are brought together a galvanic action 

Tlic intensity of the effect varies with the electrical 

ter of th(! metals nsed. Certain metals, as tin and cop- 

K have but a weak action, while otliers, as silver and zinc, 

idnoo a vigorous galvanic current. Tlio tnith of the latter 

mant can bo ascertained by placing a silver eoip on one 

B of the toufpio. and a strip of zinc on tho other, and bring- 

jtbo cxteroir edges together. A sharp, prickly sensation is 

Here wo hiivc the two metals, wliite tho fluid is saUva. 

I^It bo romuiiibered that the contact of two metals is the sim- 

i principla which, elaborated and applied to convenient ap- 
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paratus, underlies the whole subject of galvanic electricity, and 
it will be easy to make the application to lead pipes. 
PogitiTeand When a current of electricity is thus excited by tlie contact 

negatlTe , , 

metals, of two mctals in saline solution, it has been found that only the 
positive metal is usually very much corroded, while the other, 
the negative metal, is unhanned. Lead pipes are often placed 
in contact with iron, copper or tin. In every such case we 
have a galvanic battery, the two metals in contact being the 
poles, and the water flowing through the pipes the saline solu- 
tion. As a consequence, a galvanic current is excited and cor- 
rosion takes place. The nature of the salts dissolved modifies 
christiionon this action. Dr. Cliristison says: "The presence of bars of 
iSuonta other metals crossing lead, or bits of them lying upon it, will 
lead pipes, ^j^^ dcvclop the sainc action." It is possible, also, that iron 
rust, and even the carbonate of lead compounds which encrust 
the pipe, may sometimes be thrown into electrical relations 
with the pipe. 

These statements do not present a new fact. The corrosion of 

lead by galvanic action, caused by uniting lead with other metals 

under water, was proven long ago by the experiments of Dr. 

corroBionof Paris, England. The importance of this fact may be illus- 

by galvanic tratcd by reference to what has probably occurred frequently in 

"^^ the case of iron ships, namely, the corrosion of the iron plates 

by galvanic action developed by the contact of copi)er and iron. 

The Engineer^ a few years ago, in commenting on the wreck of 

TheMegara. the ironclad Megara, called attention to the startling fact that, 

sliould even a minute piece of copper remain in contact with 

the inside bottom plates of an iron ship, in a bath of bilge 

water, as under the circumstances of the case it necessarily must 

be, an active galvanic energy is established between the two 

metals, and the iron being tlie sacrificial metal {i. e, the positive 

metal), " the bottom will sooner or later be eaten through with 

a hole somewhat larger than the superimposed copper.'^ 

Electrical Tlic relation of the metals to each other in producing cur- 

om^^ rents of electricity varies somewhat with the constitution of the 

water. The order is as follows : 
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In Acui Waters. 
Zinc, 
Tin, 
Lead. 
Copper, 
Iron, 
In the above <!olumiis eadi metal 



In Alkaline Waters. 
Ziuc, 
Tin, 
Iron, 
Lead, 
Copper, 
positive to all below it ; 






that IB, if any two of the metals are in contact with each other 
in a solution, the one that stands above the otJier (in the table) 
win be consumed. For example, were iron and lead brought 
in contact in an alkaline solution, the former would be rusted 
at the point where the latter touched it. 

Copper and brass often come in contact with lead where copi 
ipper couplings, boilers or fauccte are used, or, in some cases, J^ 
■here copper screws, bars or pipes touch the lead. That gal- ^"*^ 
Tanic action often occurs under such eircumstancos is unques- 
tionable, and as to wliich of the two metals is corroded there is 
bat little doubt. By consulting the tables above, we lind that 
being above copper, is the positive metal, and tnnst, there- 
fore, be cornided. Some interesting experiments were made 
k^y Mr. F. Ciisamajor, throwing a very clear hglit on this point. 
Be took fonr glass flasks, into each of which he poured about one- 
Ifth of a pint of aqueduct water drawn fresh from the hydi'ant, 
tjn two of these flasks he placed pieces of sheet lead, perfectly 
,i^ean, tins surface of lead in each flask being three square 
:he8. In theotJier two flasks he placed little bundles of sheet 
Iwd and copper wire rolled up together in perfect contact. The 
and copper had each a surface of three sfjuare inches, and 
was perfectly clean and bright. One flask wirh lead alone, 
id one witb lead and copper, were left in a dark place for 
:y lionni at a temperature of 75° F. The other two Haska, 
le witli load alone, and one with lead and copper, wore left in 
dark place for 40 hours at a temperature of 150° F. The 
object of placing the flasks in the dark was to approach the 
actual condition of thiugs iu lead pipe. At the expiration of 
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40 hoareljoth flasks containing only lead and water were exam- 
ined. The leiid waa perfectly bright and the water limpid. 
On testing the water no isad was discovered. Tlie two flask» 
containing the lend and copper presented a very different np- 
peamnce. Tlie siirfapc of the lead was eoatcd with a wliite 
oxycarbonate, which, on shaking the flask, epreail through the 
water, making it turbid. Tlie water was tested for copper and 
eliowed the faintest trace. Anotlicr portion of water from Uia 
same flask gave the usual reactions for lead. 

So mnt'h for the laboratory. A practical illustration will 
confimi the truth of tlie inference to be drawn from tlio abovv 
experinient. A gentleman residing near Baltimore, having 
occasion to have a pump repaired, on examining the leak found 
that the lead pipe, wliich was connected to the puinp by- 
coupling, was almost destroyed in the vicinity of llio brase. 
The corrosion extended for an inch from Uie coupling, and tin 
pipe was held together by a few shreds of lead. The pipe, 
wbicb was used to carry water from a well, was entirely nnin^ 
jured in every other portion. Dr. K, Bncklor, wliu reports tliii 
fact, made an experiment upon the water of this well to Eatisfj 
himself of the cause of such a remarkable corrosion. He pi 
aljout four ounces of the water in two beaker glasses, and in oai 
immersed a bright strip of lead ; In the other he immersed i 
sti'ip of lead and brass connected. The beakers were coverei 
with pnper, so as not to exclude the air entirely, and allowei 
to remain undisturbed for a week. He then tested wal 
from Ijotli glasses. In thu ease of tlte water containing onl^ 
lead ho obtained a slight precipitate, and in the otiier a c«pi( 
precipitate. The fact that where copper or brass and lead 8 
in contact under water a galvanic action is Uablo to occnr, pi 
moting corrosion, is, therefore, pretty clearly established. 

Tin is very frequently used in contact with lead. Solder l^ 
an alloy of lead and tin, and it is well known that corrosion 
generally the greatest in the vicinity of the solder. The can 

galvanic action, which is likely to occur when the two metal» 
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iposing Icatl-oncased tin pipe are lii>tli siihjected tn the action 
of water; lienco the importance of making such joints as will 
insnro a eontinuona tin lining where this pipe is need, and the 
danger attending the practice of merely bringing the ends 
ithor and wiping the joint with solder. 
A great variety of physicjil inflnences operate either to canse a- 
accelerate the corrosion of lead by water. These influences Ki 
often act in direct ajitagoniein to the agencies which protect the 
pipe, and in the case of anomalous action of a certain water, the 
ilanatiou is often to lie looked for in this direction. They 
le under the head of local canees. 
A defect in the pipe will sometimes promote corrosion. Dr. m 
la roinnrks that he has seen lead pipe which CJinveyed spriTig 
r very nmch en)ded and sliglitly jwrforated by the enlarge- 
it of an original defect in a part of the pipe. The water 
very pure, and yet, "notwithstanding a deposited coat of 
ide and carbonate of lead, the erosion continued and lead 
dissolved even at the end of eight years." 
traiiie on the pipes will produce unfavorable results. Water « 
iftcn delivered under great ]»ressure, and seams are by this" 
iftns made in tlie pipes, and a diBarrangement of the particles 
les. AVliere the circumstances are favorable, the corrosion 
iraotod by a combination of mechanical and chemical forces, 
le freezing of water, when it does not burst the pipe, has the 
ict of straining it, thns producing a change in the molecn- 
igcmciit of the material of the pipe and facilitating cor- 
ion. A fitruiii on the lead produced by bending it sharply, m 
sometimes facilitate corrosion, and for the same reasons as '' 
the instances just named. Prof. Nichols records a case in 
i!ch this cause is clearly indicated. lie says that be had in 
poasesslon a section of supply pipe "removed from the 
leduet of a neighboring city (/. c, near Boston), in a portion 
which cori'osive action had proceeded so far as to cause leak- 
Thc part thus acted npon was confined to an acute angle, 
there is evidence that the plumber, in placing it in its posi- 
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tion, bent it in the wrong direction, tlins creating tbc nec«aity 
for another turn. This pipe liad, doubtless, beoti eabjected to 
two violent turns, wliicli eeriouely impaired tlie Iioraogeneity of 
tlie metal." l*rof. Nicliols suggeets tbut ibe disturbance of tlia 
crystalline structure of tlie metal by etrains niaj? diatige its 
eloctricjil condition, and that thus galvanic action may bo pro- 
moted, giving rise to chemical decomposition. 

A few simple facts should be here noted, and, indcod, tbe 
omission to give them proper weight may be regarded i 
one of tbc causes of tlic numerous complexities and contradio- 
tions with which chemists liave surrounded tbc subject of tbe 
action of water on lead. First, there is a great deal of differ- 
ence in the activity of corrosion in new and old pijies. No 
matter what tbc tendency of a water to form an insoluble pro- 
tective coating on leaden surfaces, there is usually some ( 
give action at iirst, Croton water is commonly regarded i 
exerting no dangerous corrosive action on lead, but when CrotoD 
pipes are taken up at the end of several months they will be 
foHUtI to be corroded, and in sonic places tbo lead is pitted. 
Dr. Dnnn remarks that he has examined small sections of pipe* 
which bad been used in conveying water from the James River, 
Va., for twelve years. Tlicrc was a " fine, reddisb colored aad 
quite smooth and compact coat deposited on the inner snrfa 
of the pipe, whicli was easily detached, showing evident and 
unmistakable marks of corrosion by small pits and thread-like 
channels." These were evidently made when the pipes wera 
new and before the ci-ust formed. 

It is interesting to enquire Iiow long a time must elapse I 
fore a lead pipe becomes sufficiently incrusted to admit of i 
being used with safety. Prof. Nichols immersed a section of ■ 
new lead pipe in Coeliituate water for one hour at the tempers 
turo of Go" F. The water then gave decided evidence of lead' 
being present. The piece was removed and placed in six fresh 
portions of water, one Iionr in each. Each sample of watoi! 
gave the reaction of lead. The experiment was continued fot 
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two weeks, varying tiic time of immerBion in freali portions of 
water from one Uuiir to tcii. Tlie leiid indicadons etill cou- 
tiuaiHl, altliuitgli at last they were feeble 

The ainouiit of lead which water exercising a corrosive action n 
la fonud to contain, is nsuallj dependent u]k>q the lengtli of „, 
time it has stood in tlie pipe. It is also affected hj tempera- ^ 
tnro and season. Waters from given sources do not show the 
ewnc conetitnlion from one Beaton to another. An excess of 
nhi may temporarily chaJige the clmraetcr of tlie water and its 
action on lead ; while an elevation of its temperature may make 
a water prevlonsly hunnless cctrcmely dangerous as regards its 
action on lead. 

From the facta already presented in this chapter, the reader 
will, in all probability, be led to the conclusion that lead pipe 
«ao never be used without giving rise to the danger of lend 
Misontng. 1 think it ^e to venture tlie opinion that the dan- 
ger e'tieU in some degree nnder all hut the mi>st exceptional 
rcnmstances. Admitting that severe cases of lead poisoning 
rely occur from the use of water drawn througli lead pipes, 
fhey do occur, and under a great variety of circumstances ; and 
^liave no doubt tlmt nine-tenths of the mischief done by load 
a it« effect on the human system escapes the notice of pliysi- 
It is undoubtedly true, however, that certain waters can 
8 through lead pipes without practical contamiuation, even 
bough they take up enough of the metal to give a lead reaction 
irhen subject to tiie delicate tests of the laboratory. I have 
idy spoken of the manner In which water tirst acts u|M)n 
1 and the effects of long-continued contact between them ; 
B desirable to recur to this, for the reason that it seems 
9 be the central fact of tlic whole subject and should be thor- 
ighly uadenttood. The first result of the contact between 
tor and lead i& the formation on tbo surface of the metal of "^ 
I whitish crust or scum of oxide of lead, formed by the combi- f" 
kBtlon of the oxygen of the air dissolved in the wat«r with the ™ 
i of the pipe. The next result is the solution uf this o.\ido 
13 
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of ]ead by the water and ite removal, if nothing pTevente. If 
this vrere all, the deelruction of lead pipes and the poieoningof 
tliose who nsc them would only be a matter of tinio. for as fart 
as tlie soluble oxide vfm dieeolved £way a new coatiug would 
be forDied. But as sogn ae thu scum of oxide of lead is formed 
on the surface of tlie lead, tbe former is attacked by the eiirbonie 
acid (which is alwa^^'s present in tlie air and is almost always in ' 
ficlution in tlic water) and the lead is concerted into carbooats' 
of lead, one of the principal ingredients of the painter's whlto 
lead. This carbonate of lead is practically insoluble, and ad- 
heres to the surface of the lead as a hard crust which eoou 
thickens until it prevents the action of the water allogellier. 
Fortunately for those who are coin]>eIled to use water eiip- 
5 plied tiirough lead pipes, ehcinistry is not without resources for 
'guarding against lead poisoning. The first and simplest of 
these is llltration, Fiitorg made of chalk have been strongly, 
V recommended, and the experiments of M. Rohicrre are snfii' 
t cicntly minute to warrant as in accepting with contidenco hit 
conclusions concerning the efficacy of this material. He states; 
very positively that his researches have led him to the conelo- 
sion that the greater portion of iwisonous lead compounds in 
water, obtained by the contact of the common water with lead 
pipes, is iu su^ipension, and that fre<]uently the filtration of this 
water through chalk deprives it of its poiEonons propertiefc^ 
i-Wood charcoal, coarsely pulverized, has also been recom 
mendetl. This will remove as much as 7 grains of lead to tbfl 
gallon. 
,t It is better, of course, to prevent tlie water from acting oni 
'"o^^o" the pipes at all, and to secure this desirable immunity froin 
FLitnwionof corPosive action various plana have been suggested. AmoH^ 
"'"'rwMiM these n-ay he mentioned the filtration of water before it ententf 
la^^rfpa. the pipes. Sand, clay and, better still, animal charcoal answer 
admirably well as filters, for they not only remove the meoliani* 
cally suspended particles, but a portion of the organic matter 
BoMfli-w dissolved in the water. The latter result is probably effected 
nuntion. by the oxidation of tbe organic substances, into harmless comt 
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inda whilo piissing throngh tlie filters. Soluble organic mat- 
maj be almost ontirelj removed by tillering the water 
;b black ur in/ignetic oxide of Iron. This occurs tlirtiugh- 
the United States as an ore, and when coarsely ground is 
admirable filtering material for organic matter. One of the Mwrneuo 
Kt remarkable characteristics of this oxido of iron as a filter- 
j material is that it does not perceptibly loso its power by 
ino and use. In the water works of Southpwrt, Englanil, a 
ter bed was in use for seven years witliout showing any diuii- 
ptton of power, and in domestic filters used for the samo 
1 of time there seoma to have lieon no occasion for cleans- 
i; them. 

fclVhen filters cannot be depended npon, the best method ofnaoiowo 
rBTonting the contamination of water with load salts is to line pn,^ 
a pipes with an insoluble coating. There are various plans 
for accoraplishiug this result. One of the oldest, as well as the dt. curim- 
siniplest, is that recommended by Dr. Christisou. He says that 
"a remedy may be found in unusually pure spring water by 
Bving the pipes full of the water for a few months without 
(Bwing off." The water acts on the load, forming the insolu- 
coating of carbonate of lead to which I liave already 
Iferred so frequently. During the long period in wliich the 
tcr is standing in the pipes the coating l>ecomes hard and 
Ick enough to resist the further corrosion of the water, 
lierc this method will not answer, some material should be 
; in the water in the pipes wliicli will form an insoluble 
bting on the lead. Dr. Christison recommends phosphate of phMnnua 

In one of his experiments he put in some lead pipes """^ 
ne phospliate of soda, in weight about 125000 the weight of 
t water. This would require tlie use in a pipe 1(»0 feet long 
1 three-fourths inch inside diameter of only C grains of phos- 
ihate of soda. Fonrteen days afterward the solution was die- 
charged and spring water readmitted, and a great improvement 
had taken place. The solution was replaced and another trial 
B made six weeks afterward, and the lead could scarcely be 
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discovered in the water. There was no further trouble with 
regard to lead in the water, althongh for more than a year pre- 
vious the water had continued to act vigorously on the lead. 
Roifa&oii. Another plan was suggested by Messrs. Rolf e & Gillet, of 
Boston, which is very effective and works more rapidly than 
the preceding. They dissolve one pound of sulphide of potas- 
sium in two gallons of water, and allow a solution of tliis 
strength to remain in the pipes for twelve hours. The interior 
of the pipes becomes covered with a black impervious coating 
of sulphide of lead, which prevents the further action of the 
2>r. 8ohwai*s watcr. Dr. Schwaz, of Brcslau, advises the use of a warm and 
concentrated solution of sulphide of potassium. This will do 
the work more rapidly, sometimes in fifteen minutes. Tlie 
more concentrated the solution, however, the more expensive 
is the operation. Crude sulphide of potassium and sulphide of 
sodium are sometimes used. 
Mr.PtnTB Another plan was suggested, about five years ago, by Mr. 
llobert P. Perry, of Newport, K. I. He employs a solution of 
cliromate of potassa, which is poured into the pipes to be pro- 
tected. It forms an insoluble coating of chromate of lead, 
wliich, tlie inventor claims, protects the pipe and does not inter- 
fere with soldering. 
Detection of There are several methods of determining by analysis whether 
i>y«niily*i«[ load is present in water or not, all of which are within the 
ability of the plumber of good general intelligence and judg- 
ment wlio will provide himself with the necessary chemicals 
and apparatus. Cliemicul knowledge is not requisite, but neat- 
ness, careful manipuhition and accuracy in noting results 
DeiicMiT reached are indisj>ensable. It should be remembered, how- 

tlie i^oftcUoosa 

ever, that the reactions by which the presence of lead is deter- 
mined are very delicate, and any carelessness may cause one to 
blunder and arrive at false conclusions. It should also be 
remembered that although the positive results of chemical 
Nejatirer©. aualvsis are conclusive when they show the presence of lead in 
ciasire. watcr, negative results do not always prove that no lead is pres- 
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out For this reason I eliould advise the employment of au 
cbemiat to make careful analysca whenever lead poisoning is u 
feared or suspected. TJio intelligent plumber or any one else 
may tell, however, whether water lias taken np lead during its 
passage thn)ugh pipes or when held in tanks lined with that 
metal, and also — approximately, at least ^ whether a given 
water is likely to act on lead, and the infonnatton thus gained 
may often he of great value. In the succeeding chapter some 
t;implo rules are given for determining the constitution of 
water. We will here direct our attention merely to tests for 
metallic salfa taken up by water in its passage through metallic 
pipes and reservoirs. 

The first step in the analysis of water is to concentrate it. i 
Draw from the pipes about five gallons of water. Tlie best 
tune to do this is after the water has been standing in the pipes 
for two or three hours, as there is likely to Ikj more lead in the 
water than when the water is constantly running. This quan- 
tity of water shoulil be hoiled nntil it is evaporated down to a 
gill or less. In boiling and in al! the other operations the 
experimenter must he careful to nee no vessel containing lead. 
The Jirst jwrtion of the operation may be performed in a largo 
vessel and over a stove. Care should be taken to cover the 
vessel so that no impurities get into the liquid from the air. 
When the water is reduced in bulk to less than a quart, it 
shoultl bo transferred to a quart glass beaker. Such a vessel 
can be purchased at any glassware establisliment. The beaker, 
being a little over half full of water, is placed upon a sand bath 
while the latter is cold, and a pinch of acetate of ammonia is 
put into the water. An alcohol lamp or gas flame is then 
placed under the sand bath. The latter is simply a sheet-iron 
saucer fnll of sand. The sand distributes the lieat along the 
bottom of the beaker. The object of this concentration is to 
Etrengtiien the solution. Wlienever lead is found in water it 
ia nsnally in STich small ipiantities that the reactions are very 
faint, but by boihng the water down wo obtain in a gill of 
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water all Uie lead diseolvcd in five g:allotiB, and tJius have a 
solution in wliiiJi we are able to discover load if anv le pres- 
ent, 
rutmijon. If, after tli's concentration, the liquid appears turbid, it is 
l)eat to iiltcr it. Cnt filter papers can be bought in packagts 
from dealers in clieuiical snppliee. They ooneist of circtilar 
picci^s of a material resembling blotting paper. TLc«u ore 
folded and placed in the funnel, which maet bo of glass 
liquid is poured into the paper cone held in tiie funnel, uii 
trickles from it clear and limpid. No more water ^lionld 
poured into the funnel tlian the cone of filtering pa]>er wi 
hold, and it must, therefore, be supplied in &mall quantitii 
until the whole of the water is filtered. 

We are now ready to teBt for lead. This niuy be performi 
by any of the following methods ; 
BnipiiiiTened iiulphvretUd hydrogen. — This test is so delicate that one 

*^ of lead can be delected in 500,000 parte of water. If sulpKl 
retted hydrogen be added to water containing one-tenth grain 
gallon, a brownislj color ia produced. If the wati-r has been < 
centrated by evaporation to 1-100 of its original btdk before add 
ing this reagent^ the thousandth part of u grain in a gallon ca) 
with a little practice, be detected. During the evaporation at 
acid must be added to dissolve tho oxyearbonato formed. 
small quantity of a solution of citrate of ammonia or of ai 
of ammonia ia added to dissolve any sulphate of lead tliat n 
have been formed. It is very difiicnit to obtain acetate of i 
monia in a solid state, afl it reqniree to be crystallized under 
receiver of an air pump, bo deliqiiracent arc tho crystals. 

Sulphuretted hydrogen gas is obtained by the nc^tiun of dil 
acids upon sulphide of iron, sulphide of antimony, or sulplui 
of potassium {hi^par snljihuria). It can also 1m! obtained in i 
impure state by heating together paraffins and Bulphtir. 
gas should be washed by passing throngh water, and may thei 
be passed directly into tho liquid to bo tested, or dissolved 
water and bottled for subsequent use. 
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y Sulphide qf potassium, or Uvur of siilplinr, canbeemplojedas 

i-reagent for dctccttug lead. Ita eolutioii produces a dark color 

1 water containing two-thirds grain to the gallon, provided 

ivry little of the reagent is added ; if more is added, sulphur 

k previpituted and conceals the lead reaction. 

Y Sulphide of ammonium (yellow) produces a change of color, 

»ptible by comparison when only one-third grain of lead is 

sent iu a gallon of water. Both this reagent and the one 

nt mentioned also prodacc black precipitates in water contain- 

5 iron, hut not in water where tin alone is present. Snlphu- 

TBtted hydrogen, on the contrary, gives ablack precipitate with 

tin, but not with iron. All three of these reagents possess a vile 

k»r and do not keep well. As soon as the odor becomes faint 

key are useless. 

I MicAromaie ofpolassa.^Tlus salt possesses several advantages 
"cr those previously mentioned. It has no odor, can bo kept 
r years either in solution or in crystals, is easily obtained in 
Y drug store under the name of potassia bichroraas. The 
nrated solution has a deep red color, but when added to a 
fong solution of lead a beautiful precipitate of chrome yellow 
§formed. This precipitate, when treated with nitric acid, 
8 to ft bright red, " chrome red." The addition of bichro- 
■tc of potassa to water containing one-tenth grain to the gallon 
idaee« a change of color easily detected by comparison. In 
3 tJie former cases, the test should be made as follows : 
> test tabes of equal calitier arc taken in the left hand ; a few 
jams of pure water arc placed in one and an equal volume 
I the water to be tested in the other. A few di-ojjs of the 
^nt are added to both, and tlie tubes held in various posi- 
na against white and dark backgrounds, against the light 
1 in the shade, viewed vertically and horizontally, until we 
9 convinced that no change has taken place ; then a little 
Bre of the reagent is added, and so on. These precautions are 
ipocially necessary where colored reagents arc employed. My 
I cxperuncnts convince me that bichromate of potassa is 
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these 



delicate a teat for lend as Btilpliurutted hydrogen wlin 
precautions a 



observed. 



I 



BoiphDHo Sulphuric acid and solutions of the sulphates jiroduceu white 
precipitate with lead, and, according to Lassaigiio, one piirt of 
lead iu 25,UU0 of water can be detected in 15 minutes hy thtt 
use of sulphate of soda. As lime also gives a white precipitatt' 
witii Bulplnirio acid, this teat is nut applicable to water 19 
general. 
<f lodiu 

t. eohitions if not too dilute. 

AMionot "When water containing lead is exposed to Ihf air, the cs 

•cMon lead hijiiTc ucid ijf the atiuosphere converts the lead into the hydrat* 

' oxycurhunute, which is tlie most insoluble of ail the li^ud sultfi- 

so much BO that only one part will dissolve in four million pu 

of water, or one-si.\tieth grain per gallon, and hence wato 

which has been exposed to the air a few liours will not contoi 

o*'cr jfljiinao of lead in solution. If, however, the water ea 

ta'uia free earlionic acid, this salt will be dissolved by it, bat 

AdTuuces precipitated by boiling. From this it will be seen that persoi 

wii«r<:o°n- fonipellod to use water containing lead may redncu the dangi 

* to a minimum by boiling, allowing to stand exposed, and the 

filtering, or even decantiug, 

L«dpoi- In concluding these Bomewhat extended remarks on lead ca 

' roeion, a few woi-ds on the subject of lead poisoning may not \ 

without interest for the general reader, and especially for tt 

L«d pip«g plumber. I am not disposed to underestimate the danger of 001 

vcying water through lead pipes ; but it is only candid to adm 

thut lead pipes have probably had to bear the blame of mag 

cases of lead poisoning with which they have had nothing to di 

In a locality in which lead is used as a material for conveyiu 

water, whenever a case of this disease arises suspicion is gel 

erally directed against tlie water pipes. There are, howeve 

many methods by which lead can l)e and is unconsciously intn 

snnff. duced into the system other than in drinking water. Dr. Hn 

sail explained some time ago, in the London Zancil, that pa] 
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pfsU has been repeatedly produced hy the lead contained in 
■nnff!. "In some cases," he shvs, "death has enstied, and in 
filers serious illness has resulted from the preparations of lend, 
' irticnIiirW in the chromato and carbonate of lead used in 
- i:;jir confectionery, Bath buns, egg and custard powders. 
I lie eame result has followed the use of wine to which acetate 
I il' lead has been added for tlie purpose of clarifying and sweot- 
loing it. Entire districts have been poisoned by lead in cider, 
•ain, at one time— and it is probably still done in some cases 
ad was eoinnionly added to the ruin in the West Indies," 
B are eases, and others might bo added, in which the true 
e of tlie disease has been traced, and it ia no doubt true that 
1869 finch as these may be at work in some of the cases sup- 
I to be due to the use of lead pipe. Tanquerel, a cele- 
nted French authority, says that genei'ally the persons who 
gnffer from this disease are those who have to handle the metal 
r some of its compounds in their business. Of 1213 persons 
atflictcd with lead colic observed personally by this writer, 1050 
^ least were engaged in operations involving the use of lead or 
I compounds. This leaves only a small remainder outside of 
s trades affected with the disease at all. Of this remainder 
Blbi^ number are engaged in occupations which sometimes 
sqairo the use of a compound of lead. The potters, for in- 
« oxide of lead in the glaze which they put on their 
ware. Now, when it is considered how few are the eases of 
lead poisoning among those who never use lead in their daily 
Seiipations, and also how various are the means by which lead 
^y be introduced into the system, there is left but a small 
rnber of cases in which the disease is produced by water 
rmwn from lead pipes. 
i-Tancjnerel gives the following table of the occupations of men 
fitnted with load poisoning who had come under his notice : 
Wbite and red lead and orange mineral manu- 
facturers 481 

Painters 30O 
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Color grinders 68 

Plnmbera 14 

Platers (in tin and lead) 8 

Manufacturers of tin pntty 4 

T)^ founders 53 

Printers 13 

Sbot manufacturers 11 

Manufacturers of acetate, nitrate and carbonate 

of lead 10 

1,050 
Othera 163 

Total 1,213 

Lead is an " accumulative " poison. When taken into 1 
system in small quantities it does not exhibit its effect at ono 
but as more is taken from time to time, the poison aeciimiilat< 
in the system until enough lias been taken to render it oper 
tive, and then the person affected suddenly manifests donge 
ous symptoms. In following out this theory of the aecnini 
lative character of lead, it is evident that, no matter Iiow eni« 
the dose of lead taken, tiie occurrence of evil results should b 
only a matter of time, that is, when the small doses of poiao 
have aceumulated to a sufficient amount. On this point a di 
fcrence of opinion lias arisen among physicians, some maint&ii 
ing that the accumulative principle does not hold here, an 
that, when the lead is conveyed into the system in small doac 
it is conveyed out again as fast as it comes in. Others hoi 
that while those small doses are not in themselves able to cxci 
an active poisonous influence, they are the cause of many dit 
eases not usually ascribed to this source. Dr. Muir, previousl 
quoted, states the question thus ; " Does this amount of la 
thus deposited in the system in any way influence the genera 
health of our bodies? May the healthiness in some places I 
influenced materially by the amount of lead dissolved hy tli 
water in constant use V Dr. Dana thinks " there is reason t 
believe that a vast number of cases of rheumatic and ^asmodt 
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aad nervous diseases, a goneral breaking up, as it were, of tbe 
fotindatioiia of tlie groat deep of life, have occurred, wliicli can 
be attribntod only to the small daily doses of lead." This is 
hrpothetieal. The question is a very important one, liut as yet 
our information is not sufficiently comprehensive or accurate 
to enable us to answer it. 

But while there is not a perfect agreement among physicians 
as to the amount of lead necessary to produce poisonous effect.'^, 
it is gcHcrally admitted that but little of tlie metal is required 
to dovclopj in time, very serious results. Dr. Parkes, an En- 
glish authority. Professor Graham and others, think that water 
which contains one-twentieth of a grain per gallon mnst be re- 
garded !13 unsafe. When it is considered that a gallon contains 
70,tK)(l grains, it is seen that such a dose amounts to only one 
part of lead in nearly a million and a half (1,400,000) parts of 
water. The poisonous character of so small a dose is due to the 
accumulativo nature of the poison. Small as this quantity is, 
there are those who would fix the limit of safety at even a lower 
standard. Dp. Adams, of Waltham, Mass., reports a case of poi- 
soning in which only one-bundrodtli of a grain per gallon was 
found in tlio water, and states that such cases are not rare. This 
would amount to only one part of lead for every seven million 
parts of water. This statement was made by Dr. Adams in 
the report of tbe committee appointed by the American Med- 
ir.al Association to investigate the action of water on lead pipes 
and the diseases proceeding therefrom. It ia safe to infer from 
these opmions that whenever hydro-sulphuric acid detects lead 
in water, the use of such water is likely to prove disastrous to 
^wmo coustttttlions. 

t should always he considered in any discussion as to tlie 
lonoils dose of lead, that there is a great vai-iatiou in the sus- 
tibility of various persons to the effects of lead. A case is 
Sorded in which two meinbers of a family were made aeri- 
riy ill from the use of water containing only, at times, a mere 
I of lead — "a quantity," says our authority, "so infini- 
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tesinially sniull as not ta have the least cifect on tlie Itcallti 
the otiiL>r&" It Is probable, also, that when once the diseaM^ 
has been eontractcil by a iwrson he h nuuv susceptible lo ft 1 
than before. 

The indications of lead dWase are uGuallj pain, cooBtlpation, 

uonf a yellowish complexion, not affecting the eyes or coloring the 

uning. urine aB la ordinary jaundice, and the blue or EJattsh colored 

line on the gums. This line is usually located on that portion 

of the gum that overlaps a tooth. It soinetimcs happens Utat. 

this blue line is seen only on a portion of the gum. 

The curative treatment of lead diseases has been a subject a 
much study among medical men. It is too complex a topic t^ 
admit of any consideration here. For information on th] 
point the curious reader is referred to the varions standi 
medical works in which the subject is treated. 

We now come to tJie consideration of the manner in whi< 
■water acts upon the other metals employed more or lee 
sively in plumbing work. I feel that no apology is needed ft 
having devoted so much space to the Bul)ject of lead, as it ie t] 
metal most used in pipes for the conveyance of water, 
zinc, tin and copper will be considered more briefly. 
muB Were it not for the inconvenience sometimes attending ) 
pipwu discoloration of water, iron would possess many adi'antages on 
any other metal as a material for water pipes. The pnriiia 
tion of water by contact with iron, Is a fact well known : 
chemistry. Prof, Medloek proved by analyses, several yea 
ago, that iron by its action on nitrogenous organic matter pp 
duces nitrous acid, which Mnspratt has called " nature's scavel 
pratf. ger." The last-mentioned chemist found, as a general i 
mcDt* that by allowing water to remain in contact with a large surfu 
of iron for about 48 hours, every trace of organic matter t 
either destroyed or rendered insoluble, in which state it coul 
be removed effectually by filtration, Ifedlock found, on exu 
ining the water at Amsterdam, which snielled and tasted badt 
that the sediment charred on ignition and was aluiost consume 
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tiiovrmg tliat It consisted of organic matter. IIo also fotmd tlmt 
instead of tiiking iron from tUc service pipes, the wattr. before 
rantcring those and an iron reservoir, contains nearly half a gruiu 
iron to the gallon ; ivhilo in the water iesning from the i>ipeM 
ire was only an nnweighable trace. Before entering the reser- 
ir, the water iiotding iron in solution formed no deposits; 
^hilcUie water coming from the pipes, and freed frtim iron, 
[iivo organic sediment ahove mentiunetl lie tlicn made analy- 
s of watfir brought in nnntact with iron, and water not in con- 
, with the resnh that the water which had not touched iron 
»ntained H'H'gi'ains of organic matter, and 0-96 grain iron; 
B other gave only a slight trace of both, eliowing plainly that 
tho organic matter in tlie water was either decomposed or 
(thrown down in cfjntact with iron ; and this water when fil- 
ad was funnd to 1)0 clear, of good taste, with no smell and 
B from organic matter. It is not stated in what shape tho 
iron was hold in solution, bnt it was probably in that of wtrboii- 
, tliv usual iron salt of spring?, since carbonic acid is so coni- 
m in water in general. These facts may be made usefnl 
der certain circiiiiistances in effecting tho purification of 
rater rendered offensive or unwholesome by the presence of 

nio matter. 

Pare water has no action on iron whatever, provided it isp, 
3 from air or otiier di^olvcd gases, especially eurbonic acid?* 
On tho other hand, dry oxygen and dry carbonic acid are 
nble to attack iron, but in si^ihitlon they produce the well- 
lown form of oxidation called muting. That it is the oxygen 
a air, and not tliat of the water, whicli combines with tho 
can bo easily proved by a simple experiment. Take a 
fiet:e of clear ico, molt it and heat to boiling; after boiling a 
)di(Ht time, pour it into a small via! containing some pieces of 
; iron wire. The vial must be quite full and tightly 
J. Place a similar piece of wire in an open vessel and 
lUy cover it with water. Set both vessels aside for a few 
!, whon it will be found that the wire in the former is still 
Ktri([ht, while that in the latter is rusted. 
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irondte- CarboHic acid gas in solution not only attacks metallic iron, 
bonicacid. but also dissolvcs it, fomiing a protocarbouatc of iron. If a 
small quantity of finely divided iron be introduced into a syphon 
nsed for transporting mineral water, and the apparatus filled 
with carbonic acid water under pressure, the iron will soon dis- 
appear, being entirely dissolved. Thi6 method has been pro- 
posed for administering iron medicinally, 
cartwnicacid As luost kinds of potablo water contain either air or carbonic 
acid in solution, it is evident why iron pipes are attacked by 
running water. In limestone districts the water seldom contains 
free carbonic acid, but in every case, nnless very impure or 
just taken from a lively spring, air is present. It has, in fact, 
been laid down as a rule that no water is fit to drink nnless a 
fish will live in it; and fish cannot live in water that does not 
contain dissolved oxygen. There are, however, springs in 
which fish cannot live, but still the water is not unfit to drink, 
its only fault being a lack of oxygen, which it soon acquires on 
standing. 
Influence The prcsencc of salts in solution are not without influence 
when air has access to it ; of these, common salt, or chloride of 
sodium, hastens the rusting, and carbonated alkalies retard it. 
ProtectiTe When a crust of the hydrated oxide of iron has formed on 
^'^of^n the surface of the iron, it seems to protect the iron by prevent- 
ing the oxygen from obtaining access to it. This explains the 
fact that water from new iron ])ipes contains more iron at first 
than it does after being in use awhile. Some persons take the 
trouble to pour thin milk of lime through the pipes and then 
expose them to the air until it is converted into a dry crust 
of carbonate of lime, which is a very good protection from rust. 
Unfortunately, in this as in many other methods of protecting 
pipes, the sudden jars occasioned by quickly shutting off the 
water with a full head on, break off this crust. 
Protection ^]jp protection afforded by a film of oxide is well shown by 

of a film t *' J 

of oxide, jij) experiment described in the Berg- nnd Huett^nviaennuche 
Zeitunff {1S7S, p. 19). Several pieces of bright wire, some of 
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wiiicU were pmtected hy a bit of zinc fused on, the otiioi-s mi- 
protcKtutl, were placed in a jar of moist i^arboaic acid and air; 
beside tbem was placed a tliird lot. uf pieces of wire wLieli hud 
been Iieated tliruHgliont to a blue liliado. The unprotected briglit 
wires rusted in less tbau 24 hours ; those with zinc attaclied re- 
mained free from rust from 3 to 5 days; tlie bhied wires wore 
tinattacked for 3 weeks, showing tliat a bhio film of oxide is 
I more efftictivu than contact with an electro-poeitive niotal. 
I Tlie usual tests for iron m ferrocyanido of potassium, known Ten. for in 
as yellow prussiate of potash, which produces a deep blue color '" *""' 
in dilute solution. Cornellj' has even proposed to determine 
the quantity of iron present by the comparison of the blue 
colors produced by adding to a solution of ferrocyanide of 
I potafisinin, in one case a solution of iron of known fitrength, and 
tin the other the water in which the iron is to be determined. 
L mgrc delicate test is the sulphopyanide of potafisium, which 
B said to produce a red color when one part oxide of iron in 
tfiHO parts of water is present. Dollfiis states that salicylic 
eid proiuces a violet color with one p:irt of sesquioxide of 
ron in 572,000 parts of water, 

is a metal which should never be allowed to come in zinonoi 
mtaet with water which is to be used for drinking or cooking. ^^J^)^, 

3 this statement with a knowledge of the wide diversity J^'^p''™ 
f opinion which exists among chemists and physicians on this 

Its physical properties a^ a metal are, I think, very ac- Ph,,h!«i 

f»t«Iy described by Prof. H. von Fehling in Uaivheerkei-lnich ^,^*' 

r Jteinen und Angewandten Vhtmie (IX, p. 81)9), as follows : 

t Qfting zinc for technical purposes it must be remcmlwred 

Wt it expands and contracts greatly by change of temperature, 

1 tliat in cold weather it is especially brittle; and, further, 

t ID contact with other metals, as iron, copper, &c., it reaijily 

Hitdizos ; that it also oxidizes easily in contact with water alone, 

ivitb brandy, wine, milk and the Hkt', and that the salts are 

ftj^iHonous. It remains uncliaugod only when in contact with 

f ptirc olive oil. Sheet zinc must, therefore, have much pluy so 
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that it may expand or contract. It must be fastened only with 
zinc nails, or with iron nails thickly covered with zinc. On 
moist wood it oxidizes very easily. The metal must never be 
employed for vessels where it can come into contact with food, 
drinking water and the like." 

Chemical ac- 1 take exccptioii to Prof, von Fehling's statement only so far 
on rinc. as to claim that zinc is not acted upon by cliemically pure water 
free from air ; but the exception h of no practical importance, 
for the reason that plumbei's never have to deal with j/vre 
water, still less with water free from air or other dissolved 
gases. It is well known to every one that when a bright sur- 
face of zinc is exposed to the air it soon loses its luster from 
oxidation, the thin film of oxide then formed protecting it from 
further corrosion. This film adheres so firmly that it can 
scarcely be removed, and Pettenkofer found the film of oxide 
on a zinc roof that had been exi)osed to the weather for 27 yeai-s 
to be only 0*04 inch thick ; on a square foot of surface only 142 
grains of zinc had oxidized ; half of the oxide had been carried 
off and the other half remained, 
infiv-cncocf WlicH ziiic is placcd in water containing air and carbonic 

aau chlorides acid, tlic ziiic sooii bccomes covered with a white coat of basic 
^' carbonate of zinc. If the water contains soluble chlorides, such 
as common salt, it attacks the zinc more violently. Zinrak 
analyzed a water containing a relatively small amount of chlor- 
ides, and found that after standing some time in a zinc reser- 
voir it contained 58*9 grains of zinc in a gallon. 
Water from A Frcncli clicmist iiamcd Iloux examined the water kept in 
iroutauk.s. galvauizcd tanks on shipboard and found it turbid ; it contained 
oxide of zinc and suspended particles of carbonate of zinc. 
These, he remarks, are dissolved by the acids in the stomach 
and are exceedingly dangerous. The result of Eoux's experi- 
ments was that the use of galvanized iron tanks in the French 
navy was forbidden by the war minister. 

Prof . casseu's Prof. J. L. Casscls, of tlic Cleveland (Ohio) Medical College, 

withpXan- reported the following interesting experiment made in 1870 : 

laodiron. ^i j^ piecc of ucw galvaiiizcd iron chain weighing 1211*95 grains 



was placed in a glass beaier containing one pint of water taken 
from the hydrant near the college and loosely covered to ex- 
clude dust- Til SI hours the water was of « hlnieU-wln'te color 
and tAsted distinctly nf the Baits of zinc. In three dnvM a 
whitish sediment was oliserved collecting on tlie zinc, which 
was oa«ily dt-tachod hy agitation. After rL-mniiiing a week In 
the water a large deposit of carbonate of zinc was furuied, and 
th« water was strongly impregnated with chloride of zhic. 
Traces of lead were also deteeteii in the water, derived, ]>roha- 
bly, from the lead impurities in the zinc. The links of chaiti 
Mi&d deereaaed I'Oi grain in weight and were lieavily coated 
I witli the carbonates of zinc and iron. 

A simihir experiment was votrently made with commercial jti^rimmi 
dieot zinc at Columbia College, Now Turk. A Btrip of zinc cuSiw.""* 
weighing 2-22 grams was placed in a gill of Croton water. In 
I ft Bhort time it becjime covered with a white tilin. a greater part 
I of which fell away on the slightest agitation. Tlie loss of 
1 weight iu a week was O-OOC gram, or nearly 0'3 per cent. In 
I dixtilled water it waa still greater, or about C'-S per cent. 

From the foregoing experiments it is evideit that zinc, ovenAumMn 
when alone, is corroded and dissolved by spring, well and river **" 

waters without exception. The cxperimen.i are cf such a 
nature that any person can repeat them and r?n»ve nil doubts 
that may remain in his own mind. The galvanic action which atdnniiiie 
takes place when zinc Is in contact with iron or other nietiilfi","^,"J^ 
hastens the solntion of tlio zinc, rendering galvanized iron pipes 
more objectionable than those of zinc alone. Another danger in 
attendant on the nee of zinc is the fact that it often contains'" 
other and still inori' objectionable metals, especially arsenic and 
lead. The difficnlty of obtaining zinc free from arsenic is 
shown in the fact that such zinc sells for 00 cents per pound, 
whereas at llie time of this writing ordinarj- spelter u quoted 
at 7i cents. 

Zinrak recomnieiids that zinc tanks, when used for water, 
hIiouM be painted on the inside with ocher or iisphidt varnish. 
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Amount of It seems to bo at present a disputed question how much zinc 

cine required . • j x i • a j» . xi 

to effect a IB required to produce serious consequences. According to the 
influe^ United States Dispensatory ^ " the compounds of zinc are pois- 
zinccom- onous, but iiot to the same extent as those of lead. The oxide 
of zinc used in painting is said to be capable of producing a 
colic resembling that caused by lead, and called zinc colic." 
The sulphate known as white vitriol is used extemalljr as a caus- 
tic ; internally it is tonic, astringent and, in large doses, a prompt 
emetic. The dose, as a tonic, is 1 to 2 grains ; as an emetic, 10 
to 30 grains. In an overdose it acts as an irritant poison. 
Chloride of zinc also acts as a caustic. Internally it is given in 
doses of a half to one grain ; in overdoses it is also a corrosive 
poison. The oxide of zinc is sometimes administered as a tonic 
in doses of 2 to 8 grains or more, repeated several times a day. 
Prof. Nichols' Prof. J. R. Nichols states that he examined a whitish pow- 

ezperlment. 

der alleged to have been taken from the joints in the galvanized 
pipes and found it to consist of carbonate of zinc mixed with 
a little sesquioxide of iron. In one instance nearly half an 
' ounce of tliis salt was scraped from the interior of a galvanized 
pipe GO feet in extent. The courageous doctor took half a 
grain of this salt an hour before retiring and passed a very un- 
comfortable night. 

Duriuij the past fevr years a great deal lias been communi- 
cated to the chemical and medical journals on the subject of 
zinc poisoning, but the space at command is not sufficient for a 
review of the tcstimonv. 
Teats for zinc Ziuc is tlic iiiost difficult of all tlic licaw mctals to detect, 
' since iron, which is likely to be ])resent in water, helps to con- 
ceal zinc. It it safe, however, to predicate in advance that zinc 
is present if the water hits been in contact with that metal. 
Sulphuretted hydrogen does not precij)itate zinc from acid solu- 
tions unless acetic acid alone is present. Zinc salts give a white 
preci])itatc with sulphide of ammonium and ferrocyanide of 
potassium. To detect zinc in the presence of iron, add enough 
ammonia to precipitate the iron and to redissolve the zinc which 
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ras atSrst precipitated. Filter and test tor zinc in the filtrate 
f means of sulphide of nmmoniiiin or sulphuric acid. 
Fore tin ia leas acted upon, either by water or siiliue sulti-^'"'*""" 
ons, than any other of tlic cominou inflalB. When exposed 
( the combinod action of water and air, it does, indeed, oxidize 
ightly, but the oxide buini^ in^ohible remains attached to the 
n nnles^ inuchanicullj' removed. The ordinary oonHtituonts of 
ot&bltt water hare but little effect upon tin, even when in con- 
tntrated solutions. Dilute acids destrov it, evyn the v»?getable 
jidB, as do iho cauatic alkalies. At the vrriter'a request Mr. Mr.a^ioek-* 
. J. Uallonk, of Columbia College, New York, made some wm, no 
Itore.iting expcrimmits to determine the action of saline solu- (oiuuau. 
oils upon tin, the results of which may ha brielly stilted iis fol- 
iwb: When a ploco of block tin, free from lead, ia exposed 
ir four weeks to the action of a strong solution of common 
ibtu salt (chloride of sodium), the Bolutiou becomes slightl/ 
lilk; and gives a reaction for tin, althongh very faint and 
owly produced. On filtering, the liquid failed (o give any 
HCtton, indicating that the o.\ide of tin was suspended and not 
hssolved in the liiintd. Strangely enough, the amount of tin 
iBolotion at the end of ten months was little, if any, greater 
Htn at tlio cud of one month- Several other salts were tried 
itti Mtuilar results. Xitrate of ammonia, chloride of niagne- 
Bin and clitorldo of calcium acted upon tin sufticieutly to give 
tin reaction within a few days. Croton water which had Ikjcu 
iQcentrated until it contained 9:3 grains of salt in a gallon, in 
iDtact with tin was soon f(mnd to contain a trace of tin, So- 
CiOiis of chloride of ainmonlnm and of bicarbonate of lime 
qnired at least six weeks to acquire a perceptible trace of tin. 
llphate of lime forms a protecting incrustation upon tin. 
The nitrates and nitritea have a ]>ercoptible action on tin tnaiunictf.f 
ben concentrated. It was not found practicable to detennine uuT^,!!!'!!!! 
lO lo** of weight in the tin, owing to the difficulty of reniov- 
g the iucnistation of oxide fonncd tipon it. Two points 
ere, however, clearly demoTistrated : First, that tin is acted 
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upon by most saline solutions, altliough very diglitly, even 
when exposed for a long time ; secondly, the oxide and what- 
ever other compounds — probably oxychloride — were formed 
remain suspended in the liquid and can readily be removed 
by nitration. Tin siilts are not injurious when taken internally ; 
hence, from a sanitary point of view, it is immaterial whether 
potable water takes up tin from the pipes or not. 
Action of sa- It is a curious fact that saline solutions dissolve out the lead 

line solutions _ •iin ^f^ i«ii-i 

on alloys of irom tm-lcud alloys, even if the amount of lead be very small. 
Weber analyzed a slimy deposit found in a Siilt-water bath in 
lleischaur's laboratory and found it to consist of 68 per cent, 
oxide of tin and 21 of oxide of lead, although the alloy of 
which the bath was constructed contained but 15^ per cent, of 
lead to 81 of tin. 
Corrosion It is reported that certain well waters corrode tin pipes rap- 

weii water, idly, but I am Hot able to say to which constituent they owe 
this corrosive action. It is not impossible that the metal alloyed 
with the tin in the manufacture of such pipe constitutes a very 
important factor in tlie reaction. A well water which is com- 
petent to destroy pure tin should, we think, be subjected to 
cliemical analysis before venturing to use it for drinking, the 
probability being that it contains some unwholesome constitu- 
ent to the presence of which it owes its corrosive action. 
The salts As the salts of tin are not poisonous, their detection is of in- 

of tin not T r 1 p • • T 1 

poisonous, terest only for tlie purpose of ascertaining whether a given 
water is attacking the tin pipes through which it passes, for 
water containing chlorides and nitrites will generally do so. 
Tests for tin. Chloride of (joldj which can be obtained of any photographer, 
will produce a purple in very dilute solutions of tin salts. A 
little nitric acid should be added to the gold solution, and if no 
])urple color appears on mixing it with the water to be tested, 
it should be allowed to stand a few days, when the purple pre- 
cipitate will have settled at the lowest point of the test tube, 
where it is readily seen on placing the tube on a sheet of white 
l)a])er. 
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SiUphuretf^iI hytlrorjm. yields a precipitate with tin salts, 
wbicb niny be brown or yollow, accordiug to which oxide is 
l>r<4cnt. Thia precipitate is soluble in alkaline BnlphliU-^i, and, 
■■'■< above stated, Is not formed by eiilphide of aminoniuni. 

tapper has far less affinity for oxygen tlian iron, and will not a 
decotnposo water except at a bright red heat, if at all. Wht'ther 
it will under any eir<^iumstances ie, I believe, a matter of dispute 
anioii^ utithorilius. Even water which contains acids does not 
attack eopper unless air is also pi'esent. On the other band, iu 
drj- air ctipper is not affected, but air and moisture combined 
attack it rapidly, especially if any acid, however weak, such as 
mrboDie or acetic acid, be present. Inasmuch aa moist air 
■ c^wtiyti coulaiiiis, practically, some carbonic acid, bright copper 
(ed to its action becomes covered with a tilm of basic c;ir- 

mate of copper, very generally but improperly called verdi- 



- it, it 



othor mtULL 



Copper not only dissolves readily in the weakest acids, but &oti<mot 
il-i. in alkaline and ealiuc solutions if exposed to the air. "p^^ 
Korsting states that while all potable water dissolves njore or 
le*« eop|ier from copper pi]>e or vessels used to Iiold or conduct 
it, it attacks tlio copper with especial violence if nitrate of am- Niuweof 
ia present — a fact which also holds good with regard to "'™"""- 
and lead. If water which holds copper salts iu solution \^ anvBtiicu 
passed through lead pi|»es, the copper, being more strongly mppfrana 
electro-negative than lead, is precipitated by it, and a c 
ponding quantity of lead is probably dissolved. The same is 
3 a still greater degree with regard to zinc, so that when 
oontaiuing copper salts is passed through galvanized iron 
the latter are especially attacked by them. Tliis weak 
o current is well known, and the principle is often em- 
to protect copper by means oi zinc, as in the case of the 
red bottoms of sliipe and other vessels navigating salt 
The galvanic action of lead and copper is weaker and 
long fiverl'i.iked by practical men, and even yet is not so 
lerally nnderetond as it deserves to be. It is pottsible tlmt in 
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cases wliere pipes have been corroded and no canse could be 
detected, this weak galvanic action has been at work between 
the positive pipe and some more negative constituent of the 
water. 
Salt* of The carbonate of copper is one of its most insoluble salts, and 

copper. ■* 

hence could easily be removed by filtration, because it is merely 
suspended, not dissolved, in tlie water. It is said to be decom- 
posed by boiling, forming otlier insoluble compounds, chiefly 
the black oxide. The nitrate, sulphate and chloride of copper, 
whicli are liable to be produced by the action of waters contain- 
ing nitrates, sulphates and chlorides, are mostly soluble and 
possess very dangerous qualities. The true verdigris, or acetate 
of copper, when brought into contact with water breaks up into 
two other acetates, one of which contains less copper and is very 
soluble ; the other contains more and is entirely insoluble. It 
is necessary to remavk that this compound is only produced 
when vinegar or acetic acid comes in contact with copper. It 
is this which imparts the beautiful green color to cucumber 
pickles when prepared in copper vessels, as is easily proved by 
inserting a briglit steel knife blade in a green pickle. In a few 
hours the blade is more or less perfectly copper plated. The 
oxychloride of copper, which is usually produced when copper 
is left in contact with salt water or other solution of chlorides, 
is not soluble in water. It was manufactured and used as a 
pigment under the name of Brunswick green, but has now 
given place to the more dangerous Paris green. 
Danger of Coppcr utcusils are much employed in culinary operations^ 
BiS'ircuiin- aud with less danger than would seem at first thought. Boiling 
[ water contains no air, and hence, if it contains salts or acids, is 
not able to attack the copper so long as it continues to ])oil. 
Food cooked in copper vessels should not, however, be left 
thei'cin until cool. The black oxide of copper is soluble in oils 
and fats, so that greasy matters boiled in copper utensils which 
are not kept bright are liable to become impregnated with the 
metal. Considering the risk, their use should be entirely aban- 



ary opera- 
tions, 
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donccL Copper salts are highly poisonous, causing vomiting, Poiaonou* 
violent pains in the stomach and bowels, fainting, violent head- copper saita. 
ache, cramps, convulsions and death. 

In the foregoing pages I have attempted to show, with as conciuaiona 
much particularity as seemed to be necessary under the circum- 
stances, what results we may expect will follow the exposure of 
lead, iron, zinc, tin and copper surfaces to the action of water. 
If tlie facts are as stated, it is obvious that the only metals 
which can be counted safe under all circumstances are iron and 
tin, but these cannot always be used with advantage for eco- 
nomic reasons. Under some — and perhaps many — conditions, 
lead can be used with safety ; but it is well to be sure of our 
conditions before we trust lead. It is unnecessary, however, to 
add any general remarks to the very full discussion which has 
occupied so many pages. 



CHAPTER IX. 

Elementary ITydraulics Applicable to Plumbing Work. 

Relation of Plumbcrs in cities are rarely called upon to face difficulties 
plumbing, of a nature requiring a more extensive knowledge of the prin- 
ciples of hydraulics than they may be supposed to have gained 
in the practice of their trades. All their calculations are based 
upon definite data. They know the head of water with which 
they have to deal, and the size and weight of pipe required. 
They have their constant supply in the street main, and to tap 
this, bring the water into the house and distribute it, calls for 
very little of the knowledge which country plumbers must 
In cities, have to compass equally satisfactory results. All of the science 
of hydraulic engineering which the city plumber needs to 
know might be given in a few simple rules and tables ; tlic 
country plumber, wlio must often seek his water supply wliere 
he can find it, and sometimes bring it long distances tlirov;:;?! 
In country, small pipcs, iiiiist be something of an engineer as vrell. IFe 
certiiinly meets with difticulties which would puzzle hydraulic 
engineers accustomed only to large undertakings, such as the 
construction of water works and the supplying of towns. For 
the benefit of this large and imjwrtant class of artisans, as well 
as of those who employ them, I will briefly consider what seems 
to me the most important of the elementary facts j^ertaining to 
Elementary tlic scicucc of liydraulics. Were this chapter intended for the 

CilBLTIUitiCT 

Of Chapter, pcrusal of cngiiicers, or those presumably well acquainted with 
the principles of hydraulic engineering, I should omit many 
things to which I have given place, and put in many which are 
here omitted ; as it is, my aim is simply to give practical 
pluinbei^s and others who may be interested in the subject the 
items of information which my experience has led me to be- 
lieve they will find most useful. Under the circumstances, 
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■ lorefore, no apoloj^y U iieetleJ for tlic eiomcntary clidraf'ter 
■:' ibis chapter, 

Watctr is a practically incompreaailile liquid, weigliing. at tlie naur 
r. i-ra^e leiupt^ratnrc of tiO° Falir., about C2'3 lbs. to the cubic 
:-"tt, and 8-3 lbs. to the gallon. These figures are mibjcct to 
-lijflit variations inddt-nt to changes in tcmperatnif. 
4 A cfiliimn of water 12 inches high exertji a downward pres' pirjinrBdne 
J of fttjont '43 lb. to the st^iiare inch. A column 3 fc(;t 
\i tixen& a pressure of about -Sfi lb., or jnst twice that cs- 
l by a column one foot high. This pressure per square 
, doe to head, is irrespective of volume or anything else, 
t vertical bight of cohunn, / With these figures in mind, 
,lL'ulation of the pressure per square Jncli due to any head 
i Minplo mutter. The following i-ules will hc- found valuable 
p reference : 

^o^nff prvs»ii7-e in Ih/t. jj^r Kquarn inch exerted by a cfl?«w«Tooatciiidiio 
' maUr. — Multiply the bight of the column in feet by -iS. Jmm"i. 
I To Jiit4l the hi-ad. — Multiply the pressuro in lbs. per square 
J by 3-31. 

PreMure iif watfr.—T\[Q weight of water or of otlier liquids weubi 
I the (inantity, but the presauro exerted is m tlie vertical p,^«. 



Pluide prcM vqunlly in all directions; hence, any vessel orpnwqnc 

jbduit containing a fluid, sustains a pressure on tlic Iwttoiii ^JJS™ 

pal to OS many times the weight of the column of greatest''' 

t of tliat fluid aa the area of the veeeel is to the sectional 

E the coluuin. 

•at pr^mire. — The lateral pressure of a fluid on the sides u 

Itlin Teseel ur conduit in which it is contained is equal to the 

■it of ihi) length mnlli])lied by half the square of ihe 

and by the weight of the fluid En cubic unit of dimen- 

Tlic following forniuia Is sinqilc and satisfactory : Mnl- 

|f the Bubntcrged area in inches by the pressure due to onc- 

f tJie dcptli. IJy submerged area ia meant the surface upon 

bicli the walur presses. For example, to iiud the lateral 
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pressure upon the sides of a tank 12 ft. long by 12 ft. deep ; 
144 X 144 = 20,736 inches of side. The pressure at the bot- 
tom will be 12 X '43 = 5*16 lbs., while tlie pressure at the 
top is 0, giving us, say, 2*6 lbs. as the average. Therefore, 
20,736 X 2-6 = 53,914 lbs. 
Dtacharg© Discharge of water, — The quantity of water discharged dur- 

of WAt6r. 

ing a given time from a given orifice, under diflFerent heads, is 

nearly as the square roots of the corresponding bights of the 

water in the reservoir or containing vessel above the surface of 

the orifice. 

Relation of Small orificcs, on account of friction, discharge proportion- 

-t^f^^c^atcly leas than those which are lai^r and of the same shape 

under the same pressure. 

circular Circular apertures are the most efficacious, having less surface 

apertures. , . .« i <• 

in proportion to area than any other form. 

Diacharg;© If a Cylindrical horizontal tube through which water is dis- 
charged be of greater length than its diameter, the discharge is 
much increased. It can be lengthened with advantage to four 
times the diameter of the orifice. 
Contents To find the nximher of TJ, S. galUm^s contained in a foot if 
pipe of any diameter. — Square the diameter of the pipe in 
inches, and multiply the square by '0408. 

Velocity of Yelocitij of How of xoatcv. — Water which has a chance to 

flow of water. i* -, .1 i . 

fiOAV downward does so with a velocity in exact proportion to 
its head. The following table gives the velocity of flow of 
water due to heads of from 1 to 40 feet : 
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Ydccity in Feet per Second dice to Heads of from 1 to 

40 Feet* 
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27.5 


42.05 


22.68 


1 18. 


34.02 


28. 


42.44 


23.38 


18.5 


34.49 


28.5 


42.81 


24.06 


19. 


34.96 


29. 


43.19 


24.72 


19.5 


35.41 


29.5 


43.56 


25.36 


20. 

1 


35.86 


30. 


43.92 



Head. .Velocity 



30.5 


44.29 


31. 


44.65 


31.5 


45.01 


32. 


45.37 


32.5 


45.72 


33. 


46.07 


33.5 


46.42 


34. 


46.76 


34-5 


47.10 


35. 


47.44 


35.5 


47.78 


36. 


48.12 


36.5 


48.45 


37. 


48.78 


37-5 


49. n 


38. 


49.44 


38.5 


49.76 


39. 


50.08 


39-5 


50.40 


40. 


50.72 


> • . 1 


it 



In plumbinc: work we cannot secure this velocity in the flow Friction 
of water through pipes because of the friction which con- 
stantly tends to diminish it. The longer the pipe the greater 
the friction and consequent retardation of the flow. In the 
following table we have the head of water consumed by friction 
in pipes one yard long and from 1 to 4 inches in diameter. 
This table shows the head of water required to produce a given 
flow per minute. By means of the rules given on page 221 it 
is made applicable to any length of pipe, and a variety of prob- 
lems relating to lengths and diameters of pipe, discharge in gal- 
lons and head in feet are solved by it : 

* Box's Hydraulics. 
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Head of Water Consumed hy Friction in Pipes one 

Yard Long,* 



Loas of head 
by friction. 



Gallons 

per 
Minute. 



Z* • • • . • 

a 

3 

4 

5 

6 

i:::::: 

9 

lO 

ao 

30 

40- 

50 

60 

£:::::: 

90- 

zoo 

no 

Z30. 

130 

X4O 

»50 

x6o 

s8o. . . . 

190 

300. . . 

3IO 

220 

330 

340 

2^0 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

4»o 

420 

430 

440 

450 

460 

470 

480. 

490 

500. 



Diameter of the Pipe in Inches. 



.oo^z 
.0104 

.0370 

.o6s8 
.Z028 
.Z48Z 
.3016 
.2633 

•3333 
.41X 
X.64 

3-70 
6.58 
10. a8 
Z4.8Z 
3o.z6 
36.33 

33-33 
41.Z 

49-7 
59.a 
69.5 
80.6 

92.5 

10.S.3 
X18.9 

133-3 
1485 
164.6 

181. 4 
199. 1 
217.6 
237.0 

2 57-1 
378.1 
299.9 
322.6 
346.0 

370-3 
395 
421 
448 

475 

504 

533 

503 

594-2 

625.8 

658.4 
691.7 
725.8 
760.8 
796.6 
833.2 
870.7 
909.0 
948.0 
988.0 
1028.7 



iK 



x% 




3» 



.00054 

.003Z6 

.00487 
.00867 
.0x354 

.OZ950 
.02655 
.03468 

.04389 
.0541 

.3167 

.4877 

.8670 

»-35 

Z.9S 

2.65 

3.46 

4-38 

£•4 

6.5 

7.8 

9.Z 

10.6 

Z2. 1 
X3.8 
15,6 

17.5 
19-5 
21.6 

23.8 

26.2 

28.6 

31.2 

33.8 
36.6 

39-5 
42.4 
45-5 
48.7 
52.0 

55-5 

59-0 
62.6 

66.3 

70.2 

I 

a 
4 

7 
o 

5 



74. 
78. 
82, 
86. 
91. 
95 

ZOO.Z 

104.9 
109.7 

zt4.6 

119-7 
124.8 
Z30.Z 

135.4 



Head of Water in Feet 



.O0OZ2 

.0005 Z 
.ooxzs 
.00305 
.0033 z 
.00463 
.00630 
.00823 
.OZ04Z 
0x386 

.0514 
•115 
.205 
.321 

.4^3 

.63W 

.833 

X.04Z 

X.38 

1.55 
Z.85 
2.X7 
2.52 

2.89 

3-29 
3-71 
4.16 

4-64 
5-14 
5.67 
6.22 
6.80 
7.40 
8.03 
8.69 

9-37 
10.08 
10.81 
11.58 
12.35 
13.16 
14.00 
14.87 

1575 
16.66 
X7.60 

18.57 
19-56 
20.57 

21. 6z 
22.68 
23.8 
24 8 
26.0 
27.2 
28.4 
29.6 
30.8 
32. z 



.oooo<a 
.000x68 
.000379 
.000674 
.00x053 
.00x5x7 
.002064 
.003696 

.003413 
.0043Z 

.01685 

.0379a 

.06743 

.1053 

.1517 

.3064 

.3696 

.3413 
.43X 

.509 
.606 

.7x3 

.835 

.948 

1.078 

1. 217 

1.3^5 
1.52X 
1-685 
1.858 
2.039 
2.229 
2.427 
2.633 
2.848 

3.071 
3-303 
3-544 
3-792 

4.049 
4.215 
4.589 

4.871 
5.1^2 

5.4^1 

5.7^ 
6.085 

6.408 
6.742 
7.083 
7-433 
7-79 
8.15 

8.53 
8.91 

9-30 

9.70 

xo.ii 

10.53 



.ooooz6 

.000067 

.000x53 

.00037Z 

.000433 

.C00C09 

.000^30 

.00ZCS4 

.ooz37a 

.oozfg 

.00677 

.ozsa 

.037Z 

•04*3 
.0609 

.0830 

.Z064 

.Z373 

.Z69 

.305 

.a43 
.386 

•332 

.381 

.433 

.485 

.549 
.61 z 

.677 

.747 
.819 
.896 

.975 
1.058 

1.14s 
1.234 
1.328 

1.424 
1.524 
X.627 

1.734 
1.844 
1.958 
2.075 
2.X96 
3.336 
a. 446 

2.576 
a.7xo 

2.847 
a.988 

3.13 
3.27 
3-43 
3-S8 
3-74 
3-90 
4.06 

4.23 



.0000078 

.00003x3 

.0000705 

.000x35 

.000x95 

.o.oata 

.000383 

.00050Z 

.000634 

.000783 

.00313 

.00707 
.01353. 
.0x958 

.03030 
.03839 
.05014 
.06346 
.078 

.094 
.XX3 

.132 

.153 
.176 

.300 

.336 

.253 
.382 

.313 

•345 
379 
.414 
.451 
.489 
.529 
.57* 
.61* 
.658 

.705 
.75a 
.802 

.853 
.90s 

.959 
Z.0X5 

x.o7a 

X.X31 

X.X9Z 

1.353 
1.317 
X.382 

Z.448 
Z.516 
X.586 
X.C57 
X.730 
X.805 
x.88x 
1.958 



.000004 

.0000x6 

.000036 

.000064 

.oooxod 

.000x44 

.000196 

.000357 

.000335 

.00C40Z 

.00160 

0036Z 

.00643 

.0Z004 

.OZ446 

.OZ969 

.03572 

.03255 

.040Z 

.0486 

.0578 

.0^79 
.0788 
.0904 
.X028 
.xifx 
.X3ia 
.X450 
X607 

.177a 

.1945 
.2126 

.2314 

.2511 

.2716 

2929 

• 3150 

.3379 
.36x7 

.31^2 

.4115 
.4376 

.4645 
.4923 
.5248 

• 5502 
.5803 
.6xia 

.6430 

• 6755 
.7089 

78 
13 

8>«o 
887 
925 

964 
004 



I 
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e practical application of tliis table will he fouud in tlie 
Dlou-ing rules : 

To find the hfod of water w/i<m diameter and le>igth f/To and wd. 

e and number of gallons dUcharrftd jkt minute are kncyini. 

I tlie above table the head dne to a length of one yard is 

bnd oppoiito the number of gallons. Multiply that nnniber 

f the given length in yards and we have the required head in 

Thus, to find the head necessary to deliver 130 gallons 

linute by a pipe i ineliea iu diameter, 500 yards long: 

Kisite 130 gallons in the table and under 4 inches in diam- 

■679. which, raultiplied by 600, gives 330-5 feet, the 

I sought. 

fitid the diameter af th^ pipe when head, length of pipe to nnd aaia- 
i the nwijier of gallons di«cfiarged per minute are known. — 
the liead of water in feet by tlie length of tlie pipe in 
i^Jb. and the number nearest to this in the table opposite 
'' tho number of gnllons will be found under the required 
diameter. 

» To find the numicr of (/allone discharged when the /(eW, ToOnddu- 
\gth if pipe and its diainetfr are known. — Divide the head 
water in feet by the given length in yards, and the nearest 
mber thereto in the table under the diameter wHIl be found 
posite tho required number of gallons. 
To find thfi length when the head, number of gaUons jyertanaavano^ 
minute and diameter (f pipe are known. — Divide the given" '' 
head by the head for one yard found in the table under the 
Bvon diameter and opposite the given number of gallons, and 

B result is the required length. 
EThe actual discharge of pipes is easily calculated with Acnadm* 
iprosimate accuracy by Prony's formula. In using this"'^'"^'"'* 
nnla, find tbw discharge in gallons per minute by multiply- 
( the bead in inches by the diameter of the pipe in inches, 
I divide the product by the length of the pipe in inches 

. la tho following table find the number nearest 
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to the quotient thus obtained in the first column, and the dis- 
charge in gallons per minute will be found opposite it, under 
the diameter of the pipe used : 

Discharge of Pipes hy Prony^s Formula. 



MM ■ 


%» 


Diameter of the Pipe in Inches. 


Vel 
H Xd In 
Pronj-s L gj 


lodty 
Feet 
)er 
M>nd. 


X 


iH 


9 


aJi 


3 


3^ 


4 


5 


6 


fonnola. °^ 


























Gallons Diachari^ed per Minute. 




.0000940a 


095 


.05XX 


.1x50 


.90J5 


.3x96 


.460a 


.636 


i 
.818 Z.978 


X.84X 


.00005437 


05 


.xo9a 


.930X 


.409X 


.6393 


.9904 


Z.359 


x.636 a. 556 


3.689 


.00009x08 


075 


.X534 


.3450 


.6x36 


.9588 


Z.38X 


1.878 


a.454 3-834 


5.523 


.000X34X 


XOO 


.ao45 


.4603 


.8x83 


x.378 


1.84Z 


3.504 


3.a73 5XX3 


7 363 


.000x836 


"5 


.9556 


.5750 


X.093 


X.598 


a.3ox 


3-X30 


4.090 6.390 


9.305 


.0003394 


«5 


.3067 


.6900 


1.337 


1.9x7 


3.761 


3-756 


4.908 7.668 


XX. 05 


.00030x6 


«7S 


•3578 


•8053 


1.43a 


3.337 


3.33X 


4.38a 


5.738 8.947 


X3.83 


.0003709 


a 


.4090 


.9904 


X.636 


a.557 


3.683 


5.008 


6.546 Z0.93 


X4.73 


.0004459 


995 


.4601 


X.035 


X.84X 


9.876 


4.X43 


5-634 


7363 XX. 50 


16.57 


.0005966 


85 


.5x19 


X.X50 


3.045 


3.196 


4.603 


6.360 


8.x6o X3.78 


18.41 


.0006x40 


a7S 


.5694 


X.965 


9.950 


3-SX5 


5.0C9 


6.886 


9.000 14. 06 


00.35 


.0007080 


3 


.6x35 


X.38X 


a.454 


3.835 


S-Saa 


7.5" 


9.8x9 15.34 


33. oq 


0008087 


325 


.6646 


X.496 


9.659 


4-X54 


5.983 


8.X38 


X0.64 16.69 


23-93 


.0009x54 


35 


•7157 


Z.61Z 


3.864 


4.474 


6.443 


8.764 


XX. 46 17.89 


25.77 


.00Z0986 


375 


.7669 


X.726 


3.068 


4-794 


6.903 


9-390 


X2.97 19.17 


37.61 


.00x1480 


4 


.8x80 


1. 841 


3.273 


5.XX3 


7.363 


X0.03 


13.09 90 45 


39.45 


.001974 


423 


.8691 


X.955 


3.477 


5-433 


7.823 


10.64 


13.91 9X,73 


3X.99 


.00x406 


45 


.9309 


2.071 


3.^89 


5.757 


8.284 


XI. 97 


14.73 23. ox 


33- X3 


•00x545 


475 


•97x3 


9.X86 


' 3.886 


6.077 


8.744 


ZX.89 


15.55 24.99 


34 97 


.00x690 


■5 


X.023 


2.30Z 


4.091 


6.392 


9.304 


12.59 


X6.37 25.57 


36.83 


.009 


•55 


X.X25 


a-53X 


4.500 


7.03 X 


10. 13 


X3-77 


X8.00 38.19 


40.50 


.00233 


.6 


Z.927 


2.7CX 


4.909 


7.670 


XI. 04 


X5.09 


19. 64 30.68 


44.18 


.ooafg3 


.65 


1.329 


2.991 


5.318 


8.309 


11.96 


16.28 


31.37 33.23 


47-86 


.003079 


•7 


1.431 


3.221 


i 5.727 


8.948 


Z2.88 


X7.53 


39.9X 35.79 


5x54 


.003490 


•75 


X.533 


3-450 


! 6.136 


9.588 


13.81 


18.78 


24.54 38.34 


55.23 


.003926 1 


.8 


1.636 


3.682 


6.544 


X0.23 


X4.73 


90.03 


36. x8 40.90 


58.90 


.004388 1 


.85 


X.738 


3.913 


6.954 


10.86 


X5.65 


91.99 


87.83 43.46 


C3.59 


.004876 ' 


•9 


X.84X 


4.X42 


7.3^3 


IX. sx 


X6.57 


23.53 


99.46 46.09 


C6.27 


.005998 I 


.0 


2.045 


i 4-6o9 


8.X89 


xa.78 


I8.4Z 


25.04 


32.73 5x13 


73-63 


.00648 X 


•05 


9.147 


4-832 


8.59X 


X3.4a 


»9-33 


26.99 


34.37 53.69 


77. 3X 


.00708 I 


.X 


2.249 


' 5 062 


' 9.000 


X4.06 


; 30.35 


97.54 


36.00 56.24 


80.99 


.007691 X 


•X5 


1 2-35X 


5.299 


! 9.409 


X4.70 


' 81. 15 


98.80 


37.64 58.80 


84.67 


.008338 ; X 


.9 


a -454 


5.523 


9.E18 


>5-34 


33.09 


30.05 


39.98 61.36 


68.36 


.009 X 


•35 


2.556 


5-753 


XO.93 


i «5.96 

1 


33.01 


31.30 


40. 9X 63.91 


92.04 



Discharge of 
tniall plpM. 



The discharge of small pipes may be calculated with sufficient 
accuracj^ for practical purposes from the following convenient 
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tabic, fill owing tbe qnantityof water that will flow tlirougli & 
pipe 500 feet long in 24 linurs, witli a pressure due to a head of 
10 feet : 

^-tDoh bore. . . . 576 gallons. I .if-inch bore 3,zoo gallons. 

Ji-inoh " 1,150 " I 1-inch " 6,624 " 

^-incb " .... 3,040 " ] l^-iacb " .... 10,000 " 

Having determined the presenre duo to head with which heBcrentin 
has to deal, and the size of the pii>e needed to discharge a given *" 
I quantity in a given time, the pinmber must eidcnlate tlie 
L strength which his pipe mast posscea to resist this pressure 
ft under all conditions. Tliis he need not do with abeolute accu- 
I ncy, for the reason that be must nse the pipe bo finds in the 
panarkct ; hut l)ie strength of the sizes in tlie market is known, 
1 the basis of thi= knowledge lie can determine tlie weight 
pipe he requires. In all such calculations, however, there 
ihould be a liberal margin for safety. The pipe may corrode, contjacea- 
I external infliteiices may weaken it, and extraortUnary pressures tiiow^™ 
1 inay he brought to bear upon it — as by the sudden closing of""* "* 
;k, which, owing to the incompressible nature of water, 
it to strike a powerful blow, duo to tlie suddenly 
Brested momentum of the entire column of water in the pipe, 
liis often bursts pipes which are amply strong to resist a great 
3 than the normal pressure to which they are subjected. 
r canses also operate to increase the prossiire and ta-x the 
iting powers of (he pipe, and it must be strong enough to 
r these without straining. Through the courtesy of Mr. T, 
ly, of New York, I am able to present a table of ranch 
to, which gives the relation of size and thickness to strength 
I standard lead pipes. These ligures, from which 1 liave 
nitted the decimals, are compiled from the resulta of careful 
Mts: 
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Weiffht and Stren^h of Lead Pipea. 





i 




i 




fl 


i 


i 



5 5f Ji2 1 e£ a* 3 1 a ! s 
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Tm-lined lend pipe ia BoiuGwIiat Hghter tlmn lead pipe bcur- watirntot H 

g the Baine uiark. as w^ill be Keen from a comparison of the leuifinH. 1 

Dowicg table with the one lust given : 1 

Weights per f'Xd of TSnJwd T^<ul Plp^s. 1 


*'-^- 'ix'^^r^^^i:^^ 


SS' 


per ft. per ft. per ft perfu per ft, ^H 


i«^ 


lb. «a.lb. «i.lb. (M. 


lb. 01. 
• • 


a. <m. 


lb. OKlb. 0*. 

» » 

> » > a 


lb. M. 


1 




■;;;;■■;;; 


' 


, si I> <> 

: 11 !■ * 










■ 


The strength of tin-lined pipe is about the same m that otautnga,. 
lead pipe, the greater etrength of the tin being offstt by the 
lighter weight pep foot of the pipe thus made. Some e.\peri-cr«TBii'i 
^^nta made by M>. A. W. Craven, C. E., chief engineer of the *"'*■ 
^fevtton Aqueduct Department of New York, gave the follow- 
ing reenlts : 
^Bfliu ef Pipe. Le«d. "nn-titied. 

^H A, Breaking strain, per sqnare inch 1 500 ICOO 

^BaA, .1600 1665 

HLAA, 1800 1930 

^B Were the tin-lined pipes made tlie same weight per foot as tMe »orkiii« 
^^Wid tliey would no doubt be considerably stronger. As it isuiTun^ 
^Bejr are probably fully as strong, bnt I should not advise snb-'^*'"" 
Hating them to a greater working pressure than would be con- 
Bidered safe with a lead pipe of the same size and mark. The 
mannfactnrcra do not claim for it any greater strength than 
they have allowed for by making the pipe lighter than lead. 
^L Bloek-tin pipe is stronger for a given weight per foot than amngiboi 
^Kad or tin-lined. As compared with lead its strength is about pipc^ 
H^ ^ to t The following table shows the 

L M 
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Weights per foot of Block-Tin Pipes. 



}( inch, AA 3^02. | Hi<^ch*AAA zx oz. I x inch, A zaos. 



5-x6 

H 
H 
H 



ii 
It 

(» 
tt 
t» 



AA . 

AAA. 



AA 
A.. 



6H " 
7 " 

4 

so 

8 

45i " 



*( 



t« 



H 
H 
H 
H 
H 



z 
z 



it 

tt 
tt 
»t 
tt 
tt 



AA.. 
A.... 
AAA. 
AA.. 
A.... 
AAA. 
AA.. 



»3 



9 " 
6 ** 
tt 



ft 



8 •• 

17 " 
.< tt 



^% 

3 
a 



AAA. 



a6 " 
z8 " 

36" 



A 19 ** 

AAA, 40" 

AA 26 ** 



Wbongbt- 
Ironplpea. 



Wroiigbt-iron pipes suitable for water service range in diame- 
ter from i inch to 16 inches. The following table, compiled 
by Messrs. Tasker & Co., of thft Pascal Iron Works, Philadel- 
phia, gives the 

Standard Sizes and' Weights of Welded Iron Pipes. 



Luide Diameter. 



o « 



55 



S 



Inches. 



I 
2 

3 

3}i 

4 

4>^ 

5 
6 

7 
8 

9 

lo 



Inches. 
0.84 
1.05 

1. 315 

1.66 

1.9 

2.375 

2.875 

3-5 
4.0 

4.5 
5. 

5.563 
6.625 

7.625 
8.625 
9.688 
10.75 



H 


Inches. 


0.109 


0.113 


0.134 


0.140 


0.145 


0.154 


0.204 


0.217 


0.226 


0.237 



Inside 
leter. 


11 


Actual 
DiaQ 


Weight 
of lei 


Inches. 


Lbs. 


0.623 


0.845 


0.824 


1. 126 


1.048 


1.670 


1.380 


2.258 


1. 611 


2.694 


2.067 


3.667 


2.468 


5.773 


3.067 


7.547 


3.548 


9.055 


4.026 


10,728 


4.508 


12.492 


5.045 


14.564 


6.065 


18.767 


7.023 


23.410 


7.982 


i 28.34S 


9.001 


34.077 


10.019 


40.641 
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These pipes are subjected by the makers to the followiiigsiKi 
sts: 

)i to t}( in. butt wolded 300 lbs, hydraalic pressure per square inch. 
i;j Co to in. lap " 500 ■■ ■■ ■' " " ■' 

Practically, they are strong enough to bear any pressure with 
which the plumber has to deal. The same is true of drawn 
braes and copper pipes. 
The pressures to be dealt with in American plumbing prac- 
vary tlirough a wide range. In cities supplied by what aivj 
known as gravity worts, /. e., where dependence is placed on 
natural head at the distributing reservoir, as in Xew York, the 
pressure of water is often very light. Where pumping ma- 
chinery is used and a high head is maintained in tall stand 
pipoB or the pumps deliver directly into tlie mains, wo 
sumotimcs get pressures of 100 pounds to the inch and 
upward. In such cases pipes are subjected to very severe 
strains, and are often burst by the sudden closing of a cock or 
valve. The iiower exerted by a column of water suddenly 
arreatod is almost always great enough to make the pipes quiver 
and rattle frotn end to end. and for safety, as well as for con- 
viuience, we must make some provision for cushioning tlie 
'. iler hammer. An air charalier, always useful, becomes a 
ii.cessity when lieavy pressures arc dealt with. These are com- 
monly made by carrying the pii>e from 15 to 20 inches above 
the cock or valve, and in this added length the air is compressed, 
making an elastic cushion upon which the blow expends itself 
ii^iriulessly. This, at least, is the theory of the air chamber. 
Nuw in practice, wliere there are heavy water pressures, these 
air diambers often fail precisely as they sometimes fail in steam 
tire engines. The air in them is gradually carried out with tlio 
water which surges up into them, and when they are full of 
. :itcr, the water hanmier, as it is called, is not cushioned, owing 
' the incompressibility of water. With the hydraulic ram, 
Ikj tiro engine, the steam pump and other hydraulic apparatus, 
lliih dilBculty is overcome by the use of a small valve, tlirough 
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which, at certain points in the stroke, air is drawn in in snffi- 
cient quantity to supply any loss in the air chamber. In house 
plumbing we cannot well have recourse to this expedient, and 
for this reason the common form of air chamber is not usually 
worth the lead used in making it. An air chamber or its 
equivalent can, however, be made which will meet all the re- 
quirements of the case, and cushion the water hammer wha^ 
RnbbertMOii. ever the pressure. Take a piece of iron pipe, say 7 or 8 inches 
long, and large enough to hold a couple of solid rubber balls of 
2^ or 3 inches diameter, such as can be procured at any toy 
store. Cover the top of the tube with a screw cap, and tit it in 
position by means of a reducing collar and nipple. A chamber 
of this kind never fails. The blow of the water is expended in 
compressing the rubber balls. It would be well if such cham- 
bers were attached to the service pipe system of every house, 
since they not only greatly reduce the strains upon the pipes, 
couplings and closet valves, but in case of freezing permit 
sucli expansion within the pipe as will be very apt to avert the 
nuisance of a burst. I know of cases in whicli pipes have been 
protected by tliis simple device during repeated freezings, and 
can recommend it with entire confidence as likely to save a 
great deal of money in cold weather to landlords and tenants. 
Location of Thc locatiou of tlic air chamber depends upon circumstances. 

air chambers. 

A safe rule is to place it as near as possible to the point wliere 
the shock is felt most sharply. The philosophy of this is 
that the column of water, flowing rapidly and forcibly from 
a cock or fixture, is suddenly arrested by the closing of the 
cock, and strikes a blow precisely in the same manner as a stick 
of timber when used as a battering ram, but with this differ- 
ence, that the blow is distributed at once through the whole 
mass of the water in the pipes. The concussion should be 
arrested at tlie point where it is produced, which is at the cock, 
l)asin, or closet, as the case may be. The resulting jar when a 
cock is closed ij^ lieard all over the house, it is true, but the first 
strain is felt at the i)oint where the water is shut off. 
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Kn pmviding for the storage of water, tlie plumber usually giotms 
InalceB liia calculalions by "rule of thumli," Unless guided iu 
tliia by kiiowledgti gained from long experience, !io is very 
likely to make mistakes. In the case of cisterns for raiu water, cuwrni. 
it is important for economic reasons tliat he should make tliom 
large eoough to contaiu all the water which will di-ain into 
them ; for tsanitury reasons it is desirable that they should not 
be nnnccessarily large. The following rules wid information 
will be found to apply especially to cisterns : 

I To caicvlate the amount of water which will drain from, a d™iiu*» 
^. — Multiply the area of the roof in feet by the average rain- 
1 in & month, in inches, and the product by '623. This gives 
B number of gallons wbieh will drain from the roof in a 
mtb. 
Witli a regalar consumption for domestic purposes, cistern 
capacity for one-quarter to three-eighths this amount of water 
will bo ample. 

.When a roof has a steep pitch, its size alioold bo determined 
ritlic area of gronud it actually eovera. 

Ihe amount of rainfall in a civen locality is determined bv bwik»uhi 
hragee. The average ramfall m vertical mches is 30 inches 
Itho basin of the great lakes; 32 irichos on Lake Eric and 
nraplaiu ; 36 inches on the Hudson Iliver, at the head waters 
ttlw Ohio, through the central portions of Pennsylvania and 
Irfpnia, and ibo Western portion of North Carolina ; 4<) 
dies ii] the extreme Eastern and Western portions of Maine, 
rthem New Ilamiwhire and Vemiont, Southeastern Massn^ 
atts, Central Xew York, Northeastern Pennsylvania, South- 
t«ni New Jersey, and Delaware ; also in a narrow belt mn- 
5 down from the Western portion of Maryland, through 
|r>^nia and North Carolina, to the Nortliwestem portion of 
ftouth Carolina ; thence up throngh the Western portion of Vir- 
L:inia. Nortlieast Ohio. Noi-theni Indiana and Illinois to Prairie 
dii Cliieu ; 42 inches on the East coast of Maine, Eastern Massa- 
^usotts, Rhode Island and Connecticut, and middle part of 
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Marj'lttnd ; thence on a iiurrow belt to South Carolina ; t 
up through Eastern Ttiiuiesscc, throupli Central Oliio, Indni 
and lllinnie to Iowa; thence down tlirongh Weetcni HICHoa 
and Texas to tlie Gulf of Mexico ; 45 inches from Concord, j 
ir., tlirough Worcester, Thfafis., Western Connecticut and ti 
City of New York to the Sueqnehanna Kiver, tiortli of Mar 
land ; also at Richmond, Ya. ; Raleigli. ??. C. ; Angustu, Ga, 
Knoxvillc, Teiin. ; Indianapolis, Ind.; Springiivld, IlL; 
Lonis, Mo.; thence thi-ougli Weateni ArknnsiU!, acroae ] 
River to the Gulf of Mexico. From the l)elt just deiwribed tb 
rainfall incrcaaea iulaiid and southward until, at Ikloliile, . 
it is 63 inches. The same amount also falls in the ( 
eonthem portion of Florida. 

An inijiorljint subject intimately related to praetical hydra 

" ""^ lies, Is the obstnietion of pipes from causes other than 1 

complete or partial closing of the water-way by the lodgmei 

*irti»iiB. of eolid snhstances therein. It is a matter of fmqnent exp 

rience in plumbing work that water cannot ho made to flo 

tlirough pipes under certain conditions frequently met wit 

until openings are made to allow tlie air confined in the |Hp 

to escape, A great many cases of tills kind have been bn 

to my notice during the past few years hy correspondents i 

different parts of the country*, and exaiiiinatton has ueiuJ 

shown that the trouble resulted in bends of the jtipc. It oft 

hai)pen8 that, through carelessness, or becau^ of difficulties I 

the way of laying them straight, pi]K's have high and lo» 

mitaand jKiints. The latter give little tronhle, unless hy collecting a 

" holding sediment; but when we Imvo low points wc eub tbi 

certain to find high poiDts, a 

when these occur thvj am til 

ly to give tronhle. In 

23 is shown an exaggeration 

one of these high points, or t 

ward bends, which will WT 

Water always oontjiiiis more 




for purposes of illuatration. 
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lewSlfHHinndimolvod gases, wliidi. being liglitor than water, 
naturally foUtct at tlie Uigliest points in a long pipe or cou- 
Juit, UD<1, as shown in the illustration, partially close the water- 
way. When several of these obstructions occur in a line of 
pi)}e, it is not unusnal for the Sow of water to bo etopped alto- 
gctlier. If the pressure of water was exerted only on one aide 
of Buch iiti air cushion, it would be quiekly dislodged, but in the 
caj«e shown Id the figure the prussurc is the same above and bc- 
I iw the hend, consequently the water only preflses upward. Ob- 
nuctions of UiIb kind give a vast amount of trouble to plumb- 
. i-S and as the principle involved is not generally understood, a 
few facts on the subject which 1 take from a paper by Mr. 
KicharJ II. Buel, C. K., will he of interesi. I liave changed R.n. b 
the nnmbcrs of his dmwinga to make tiic tigurcs nnmber in 
rtrgalar order : " The collection of air in high points of a pipe 
may stop the flow of water altogether, even when a considerable 
pressure is applied. In Fig. 23 (1) represents a bent tube con- 
taining a liquid, which stands at the satae hight (on the level of 
the line a b) in each leg when no pressure is applied. Suppose 




that, by means of a weight and piston, a pressure is put upon 
the liquid in one leg, producing a rise of c d in the othor. In 
thu same llgure (2j represents a set of four bent tubes connected 
together, each eimilar to (Ij, and with the auno amount of 
iiiguid in each, tlie upper connections being tilled with a lighter 
liquid. If the same pressure is applied to this set, it will only 
cause a riso of about ono-fourth of the amount that occurred in 
(1), since there arc four equal columns to resist the pressure, 
Tliis priiioiple is applied to great advantage iu the constrnctiou 



of mercury gauges, obviating tbo uecessity of employing a hi 
cofiimti to register a considuruble preesure of etmiui. llut 
win be seen tliut the applicatiou of tliiii principle is aaytliil 
but dcsirablu in the cik.o of watur pipus. Tbua suppoHe tl 
tlie prcesnre applied to one Icguf (1) waa just nufficient to foi 
water out of tlie other leg ; then, if tbc pipes wero arrangwil 
in (2), about four times as inucli pressure would have to 
applieti to one open leg to foreo water out of the otliur, J 
arrangonient something like this may occar in a long wal 
pipe, being represented on an exaggerated scale in Fig. 24. ^ 




may suppose that this pipe wm at first full of air, and tluK 
water, being admitted, compresiscd the air into the high poiul 
and collected in tlie low poiuta, very much as in (2) Fig. 23. 
might hn]i])ei], then, that the pressure required to force wa6 
through the pipe would be more than sufficient to hurst it; : 
tliat the only remedy wnnld be to make a few holes and rulem 
the air. Such an etfoct is not very eommon, only occuiv 
ring iu the case of very long and crooked pipes. Il ; 
frequently observed with long syphons wbeu the uccnmnlfr 
tion of air at the high points slops their action. Tlie remedy 
is to have valves at such ]K)itits tliat can either be ojHMted hf 
hand from time to time to let out the uir, or can be arranged « 
as to open automatically when the airattuiiie a certain pre 
This trouble is sometimes experienced in tJie mains of ci 
water works, and it is attended with great danger if the « 
is forced through the mains by an engine, since, if a pipe b 
comes air bound, the effect may be to iucrcaso the water prf 
fiui-e, and tbns burst the pipe. In laying a city main, it i«ofti 
impossible to avoid high points nn account of the nature ot ti 
ground ; but tboy should be uarcfully noted by the eo^ec 
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and at every sncli point meuoe should be provided for drawing 
itfl tlie air. If possible, it ia a good plan to place a liydi'ant ut 
each high point, as it will probably be used often enongh to 
a]1r>w the air to es(?ain!. WTiert-ver the main ia tappc<l for tho 
purpose of fiimisliing water to a building, it is welt to drive 
tli« tap into the npper part of the main, eo that it will aid in 
reh'eving the pipe of air. In puniping water through u main 
after the engine haa been stopped for 6ome time, it ib neceeaary 
to see that the valves at the principal high points are kept open 
until the pipe becomes tilled with water," 

The only eorrection I consider it necessary to malte in Mr. ajpboiu. 
Biiel's explanation of tho canaee of, and remedy for, the inter- 
ruption of the flow of water in pipes, relates to what seenw to 
be a misuse of the word syphon. A syphon, strictly sjwaking, 
is a tube throngh which water p 
partly by gravity and partly by the 
mnepheric pressure, or suction, st 
Ktl'td. In other words, the water ii 
I above tho level of tho water 
tlie reservoir by means of the 1 
*ooIiimn of water in the longer leg, si»- *i. 

which, by ita wei^^ht, is constantly tending to form a vacunra 
in tho highest part of the pipe, into which vacuum water from 
(lie reservoir is forced by atmospheric pressure. Opening the 
top of a syphon of this character would merely empty Ijoth legs 
of the pipe. If, however, the top of tho bend in the pi|K! he 
below tlie level of the water in the reservoir, the opening of 
s pipe at the bend allows the air to escape. Ttiis form of 
s 18 often called a syphon, but incorrectly. Tho ]iipe on tho 
t of tho vessel containing water shown in Fig. 25 ia a 
(hon, while that on the right is not. From a syphon the air 
a bcdrami by means of a pump, but not by simply opening 
|( valve, it being necessary to create a partial vacmim in order 
B remove the air. It is quite common to speak of any vertieal 
1 a pipe as foniiing a syphon, but under ordinary circnm- 
rphons are rarely formed in pipes, since they can only 
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be made to lift water about 33 feet at the sea level when work- 
ing to tlie best advantage. They work nnder the same condi- 
tions in this respect as a 8itction pnmp. 
Rainns In practical plnmbing it is not always possible to deal with 
"* ' natural heads. Water nmst often be raised — as from wells and 
cisterns, and when drawn from sources which give an available 
head bnt not strength enough to carry them to tho level re- 
quired — by meclianical means ; and the problem is how to raise 
pttmpt. most water with the least expenditure of power. When no 
head is available, recourse must bo had to pumps. These may 
be driven by wind, by water under certain circnmstances, by 
steam or caloric engines, by animal power or by hand. The 
following tables will be found useful for theoretical calcula- 
tions : 

To Find the Power Required to Raise Water to any Higkt 
— Multiply the quantity required per minute in cubic feet by 
the lift in feet, and this by 6-23, dividing the product by 33,000 
for the nominal liorse-powcr required. By adding 30 per cent, 
we can find the actual horso-powcr required in most instances. 
If the ([uantity required per minute is in gallons, the multiplier 
will be S-3 instead of 62-3. 
Tahh of the Power Required to Raise Water from Deep Wdh. 



n depth from which this qoau 



titr caji be raUad by eftch u 



One 
donkey 

' working a 



!« 

3 

3X 



QidlanB. I Feet. 



Feet. 
560 



HYDRArLIca OF PLUUBINO. 



The prolilem of raising water was tlio lirst one of a mecliani- n 
cal or eiigiiieoriiig cliaracter which mankind was called upon to „ 
'Five. The most barbarous races as well aa the civiliKed are 
ilike coinpt'llfU to draw water. The means used may be simple 
ur coinpii-x, but the necessity is equal in both cases and, in not 
a few Instances, the mechanism is identteal. Ttie question of 
bow to raiso water is not only tlie most important but the moat 
frt-quontly recurring of all the mechanical proldems which tho 
inodeni engineer has to solve, and, nnliko most other engineering 
problems, tbis is a question which personally concerns every indi- 
vidual of the community. The earliest device for the purpose 
was probably an earthen pot or a bag of skin attached to a cord 
_and let down to tho spring or into the well, 
^b The shadoof, or common well sweep, seems to Iiavo been tho ^ 
^Hffist step, and from drawings fonnd in Egypt it is proved that 
^B^ device is at least SOOO years old, and probably even older. 
^^nf simple forms of water-raising contrivances, such as flutter 
^^rtieels, chain pumps, Persian wheels — having a number of pots 
ujtoQ a rope or chain — and the simple suction pump, it may be 
i^afcly said that there is little, if anything, new for the last 
ibousand yeant or more, modem progress consisting chiefly in 
iinproremont in workmanship, better materials and a greater 
iittcntion to tiie details. 

Very early in the history of the world animal power was used » 
to assist in the raising of water, and tread wheels, horizontal 
winding drums and the direct attachment of anunala to tho 
bucket rope, which was led over a pulley, were some of the 
more common means used. The plumber, in dealing with the 
question of water raising, has usually to depend uix>n manual 
l.boror upon some motor, as wind, steam or hot-air engines. 
Vfiimal power is nirely employed, because a "horae-power" or 
sijuilar machine for utilizing the force of animals usually costs 
n a oHiall steam engine or other prime mover of equal 
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fifth of a horse-power for ten hours per day. A strong man 
has, for a few minutes at a time, exerted a force equal to more 
than half a horse-power, lifting a weight of 18,000 pounds one 

Ammn'gwork foot liigh in a minutc, but tliis could not be kept up. In esti- 
in pumping, j^^^j^g the quantity of water required to be raised, a man's 
power can be estimated as equal to the raising of 5000 pounds 
one foot high per minute. In putting in a pump to be worked 
by hand, a mistake is often made in choosing one in which the 
leverage is so large that the hand does not have a perceptible 
resistance, and is obliged to travel over a very great distance to 
do tlie work. The books give a resistance of 30 pounds and a 
speed of 2 J feet per second as the greatest rate of speed at 
which work can be kept up. The weight, I should judge, was 
about right, but it seems to me that the speed is much greater 
than can be conveniently maintained in pumping. I should 
think that a double 18-inch stroke would be much nearer a 
practicable rate. That is 3 feet per second, but only half of the 
time performing work. 

sico of pump When a man has to work a pump for a short lift, we see no 
objection to the use of a good-sized barrel so as to obtain a fair 
amount of resistance. This reduces the time necessary for 
pumping a given quantity of water, though it makes the work 
a little harder. Where a pump has to be used by women and 
children, especially if the whole distance through which the 
water is carried is considerable, a pump which works easily is 
Lererage. absolutely n«ces8ary. In such cases a pump with a long lever- 
age and a comparatively small bore must be selected. For a 
well or cistern from which a great deal of water is to be drawn 
by different persons — as, for instance, one by which a large 
school is supplied — it is necessary that the pump should deliver 
a large quantity of water at each stroke. No one individual 
pumps more than one or two pailfuls at a time, and it makes 
little difference whether the whole force is expended in two or 
Economy tlircc strokcs or in seven or eight. It makes a vast saving 
power. .^ iij^Q^ however, when the pail is filled in two strokes. In 
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setting np a pump that delivers a great quantity of water at 
cai'ii stroke, care slioiild be taken to liave a large nozzli: and a 
•.we water-way, otherwiee the stream will bo too violent and 
-jatter and splash. This ia a very comiuoii fault with many 
[Miraps when they are worked rapidly. 

The distance to which water can he raised by the common n 
hfting pump varies with the hight above the sea level and also ^ 
with the preaaure of the atmosphere. At the sea level thcp 
cotnran of water that the atmosphere will support is about 33 " 
feet in hight, and a pump will draw water, as it is called, this 
distance; but it must be remembered that the force which 
sends the water into the pump at this hight ia so small aa to be 
almost Imianctid by the weight of the water; hence a lifting 
piirap would deliver water very slowly drawing it this distance. 
The nearer the pomp barrel is to the surface of the water, ihe 
more rapidly the pressure of the atmosphere forces the wafer 
tlirough the suction pipe. Hence many pump makers, in pnt- 
ting up a pipe, never pnt it further than 23 feet from the water 
level. This scnda the water to the pump with a force nearly 
equHl to a head of 7 or 8 feet. Where a greater distance is una- v 
voidable — as, for example, where the suction pipe must be very " 
and tlie pump has a large bore and is worked rapidly — a 
inum chamber is very valuable in preventing the water from 
breaking" in the pipe, With pitcher and other pumps hav- 
ing ^-ery large cylinders, the suction pipe can rarely be made 
Urge eni>ngli to supply the pump, and when working faat there 
a loss both of power and capacity. My experience with 
ips leads me to think that a vacuum chamber is very desira- 
&t any time. I have seen a pump of, say, 2 or 2i iuch bore 
iliod through a long half-inch pipe fitted with a vacuum 
ibor, and found that by tlie most mpid pumping it was 
imost impossible to "'break" the water in the suction pipe. 
In patting up pumps plumbers frequently pay too little atten- 
tn to details. AVlien a pump is ordered care should be taken 
obtain one suitable for the work to be done, neither too 
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large nor too small, and the connections should by all means be 
properly made. Not long since a boiler pump was returned to 
a manufacturer because it would not work, and on examination 
it was found that the suction pipe had been put on to the de- 
livery opening and the delivery pipe on the suction. It was of 
course little wonder that the engineer could not get his boiler 
full of water. It often happens tiiat a house pump is put up 
in such a way that the water cannot be made to run down. 
This may happen througli accident or design. Where, on the 
approach of cold weather,yfte plum^r carelessly leaves the 
house pump in such a condition that the water cannot be 
made to run out of the pipe, he should be held responsible for 
the damage resulting. Such' carelessness sliould always be dis- 
countenanced, as it brings the trade \ni6 bad repute. 
Wooden Until withiu a few years the form of pump in common use 

puznpB. 

consisted of a single log of wood bored out and provided with 
a spear, two valves and a spout. The bark was removed, but 
there was seldom any attempt to shape the log or reduce its 
size, unless, perhaps, around the top. The objection to thip 
form of pump was found in the fact that the wood decayed and 
tlic inside of the pump barrel disintegrated. The surface of 
the wood also became slimy, and after a few years' use the 
water would be found charged with particles of wood iiber and 
fungoid growths. Their durability was siirpricing, however, 
and in spite of the objections named, water was delivered by 
them in very pure condition — at least until the pumps had be- 
come old. The selection of the log determined in a great 
dcgi*ee the life of the pump. But while in some respects 
admirably adapted to outdoor wells of moderate depth, they 
were not efficient in delivering water from wells of 60 feet or 
more in depth, as the power required to work them was out of 
all proportion to the amount of water raised. The reason for 
this was the necessarily large size of the bore and consequent 
heavy load always on the plunger. While still in limited use, 
however, wooden pumps of this kind have been to a great 




rtent superseded by lighter and cheaper ones made by uia- 
"limery. 

FuUowing the primitive form of wood pump came the chain cbuapomiw. 
pump, which was also adapted to raisiug water from wells of 
tderate depth. This, although one of the oldest forms of 
nmps known, has come into iieo in this eonutry within twenty 
It is very cheap, simple, durable, and will rarely freeze 
\ the coldest climate. A chain pump will raise water with 
jat rapidity — faster, perhaps, from wella of moderate depth 
tan any other mechanical device in use. In deep wells, how- 
Irer, the labor of raising water by the chain pnmp is very 
3 there is a long column of water to be supported and 
the leakage is roneiderabio. The waste of power increases 
as the lubing wears, giving the cliain free play from side to 
_eide. The only really objectionable feature of this pump is the 
c coating which it 16 commonly considered necessary to give 
Bie chain. The chances of zinc poisoning from thin cause arc 
y small, but I have heard of instances in which zinc poison- 
5 has been traced to it and proved by crncial tests. 
[ Since tlie day of the chain pump the iron pump has come tron pump*. 

3 more general use than any other device for lifting water, 
riiat is commonly known as the cistern pump is made by all cincn 
tliiip manufacturers and h^ become standard. In their gen- 
llil features all pumps of this class are alike, consisting of a 
:-iron cylinder with spout, and base for securing it to the plat- 
h-m iipou which it stands ; a brake and its fulcrum, or stand ; 
biaton, piston rod and valves. These pumps are in use in 
irly all parts of the world, and have been for some years an 
Ktrtant article of export. In this country tliey are used by 
b million, and, all things considered, they are tliu cheapest, 
Mt durable and most eflicieut hand pumps ever made. In 
s pumps the diameter of bore ranges frrjin 2 to 3^ iuciies, 
Bing by quarters of an inch. The pipe» used with tliem 
b from } incli t'l 'i^ inches, and may be of any kind known 
f the trade. The following table shows the averajiu efficiency 
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Odtforeto-of good pumpB of tbis pattern, worked moderatelj with one 
hand: 
Diameter of bore. GaUons per minnte. 
2 inch 6 



2i 

2i 
3 

8i 
8i 



U 



iC 



u 



u 



u 



u 



8 
12 
15 
22 
26 
30 



of i»ipe0. 



2i 



2i 



2f 



The size of pipes used with pomps of this class should be de- 
termined with reference to the liight to which the water has to 
be rasied. The following table will be useful to those who put 
in pumps and make the connections: 

Sixe of bore. Size of pipe. 

2 inch. For any ordinary hight f inch. 

j Under 18 feet J 

(Over 18 feet 1 

j Under 18 feet 1 

(Over 18 feet IJ 

i Under 18 feet IJ 

(Over 18 feet li 

i Under 18 feet 1^ 

(Over 18 feet IJ 

J Under 18 feet IJ 

) Over 18 feet 2 

j Under 18 feet 2 

(Over 18 feet 2i 

Pumps of this class weigh from 15 to about 50 pounds each. 
Leather valves and packing are commonly used, but brass valves 
can be had from the makere when hot water is to be pumped. 
Dorabuity Pfopcrly carcd for, these pumps will wear for an indefinite 
*^P^™ period. Various parts may get out of order, and persons inex- 
perienced in such matters are apt to think that a new pump is 
needed. Commonly this is a mistake. Pumps of this class are 
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made on tlio Eystom of interchiingeabJlity of parts, and any part 

Vliicli wears out or l)rcak8 can lie replaced at small cost. The 

poBt oxponsiTe part of a small size of this style of pninp — the 

grlindor — coats less than half the price of a new pump, and 

■I'SO will replace all the parts likely to wear nut in many years* 

A few cents spent on new Icatlicra as often as may be b 

F, and an occasional tightening of ticrcwa and nuts, will 

Ktend tho life nf buch a pump indetinitely. If a pump " mns 

town " when left standing for a few minutes and water must 

I ponred into the barrel to make the piston suck, it needs 

tcntion. Tiie repairs necessary to correct these defects are 

isily made, but if neglected the pump will rapidly wear out. 

I For outdoor work iron pnmps are rapidly superseding other u 

Inds. One of the prime essentials for an outdoor pomp is that ^ 

e brake shall he long enoiigh and the barrel high enough, so 

tat it may l>e worked by a person of common hight, standing. 

"hen the barrel of the pump is above ground, however, there 

8 always danger of fn^zing in cold weather, and tlio first 

inprovement in this class of pumps consisted in sinking 

ite working parts below the surface. Up to that time puni]>s 

tei this class had been of tho ordinary Buction-pump pattern, the 

water flowing immediately from the piston out of the spout. 

We now have three classes of these pnmps — lift, lift and snc- 

vlion, and suction and fi>ree. In the lift pump the barrel and 

valve are carried down below the surface of the water, 

s upward stroke of tho piston carrying up the water raised 

Htliont the aid of atmospheric pressure. This form of pump 

I mnch Dsed, especially in driven wells. Tlie working parta 

B perfectly protected from frost ; they are sim))le and strong, 

1 may be removed without trouble. The lower cylinder is 

3 vary compact in form, so as to go into the bore of a driven 

I and is commonly provided with a strainer of some sort, 

h is screwed upon tlie end. When the cylinder is not long 

faongh to reach tho water level, a length of suction pipe is 

ihed, and the pumji then sucks as well as lifts. The capacity 

10 
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of Biich a pump is about tliQ same as that of a cidt«rn pnmp of 
tile same dmmotcr lifting water the same di^ance, ranging 
from 8 to 2(t gnltmis per iiiiiiute. In the riore purfeet form 
it is so arranged tis to allow the water lo nin hack wIh-ii de- 
sired, to prevent freezing; the brake-stand ewivola so as lo 
make it either a right-liand or a left-hand pnrap, and hy ad<Iing 
to tlie wroiight-iron set-lengtli and piston i-od, it is adapted for 
use in welU of ahnost any depth. Whpn the well ie very deep, 
however, it maj be nccessiiry to increase iho leverage hy 
lengthening the brake, and to counterbalance the added weight 
we liave the greater weight of the piston rod and coltiniii of 
water. It is freqnently an advantage in deep wells to nHt a 
strainer provided with an iron rest, which projects far enongh 
to be firmly imbedded in Uie earth at the bottom of the well. 

"■for This holds the pipe steady and aids in supporting it. Pipes in 
deep wells should be well braced, as the jarring and hnminering 
of the brake is usually great enough to itick a long lino of pipe, 
loosen the eoTmectioiis and nocesaJtate fre(pient repairs. In 
light, sandy soil, cisterns, dng wells, an<l in any sitwatioii where 
there is danger of drawing dirt into the pipe, and where there 

room" is room enongh to use a large strainer, the so-oalled "Mush- 
room " strainer presents many advantages. Tliis etrainer h of 
the saucer shape and the water enters it at the top. wliilo tJiat 
which runs back from the barrel when the valve is tripped 
flows out of the strainer in an upward din-ctiou, thus prevent- 
ing the roiling of tbo water by stirring up the mud and sand 
on the bottom. 

iftMid The lift and force pump differs from the lift and the suction 
and lift pumps in an arrangement of parts by which the water 
is ejected from the cylinder under pressure great eimngb to 
carry it beyond the point at which power ia a]iplied. As 
adapteil to ordinary work, force pumps are always piston ]iimi[)a, 
arranged with an air chamber to equalize tlio pressure and 
afford a constant stream instead of an intermittent one, which, 
by its action, might seriously strain the pipe. The force pm 
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e one whicli in cities is most frcquenUy used, since it is not 

Uy able to lift water above the point at wliicli power is ap- 

, but to &ond it in any direction attd to almost an; distance. 

is largely naed for raising water to tanks on tbe upper 

lorti of houses supplied from mains in wlticli the pressure is 

great enough to give the required head, Tliese puinpa 

IDallj require more power for a given lift than any other, 

ring to the g^reater friction of parts. There are one or two 

Bid-forcc pumps, however, in which the ioternal friction ia 

t little, if any, greater than in the most efficient lift pumps. 

Tlie efficiency of the best of these pumps, provided with an air 

chamber and worked with sufficient power, may be averaged as 

[pUows : 

L Silo of bore. Size of pipe. Gallons per minate. 

li inch j inch fi 

»l '* i " 9 



1 

n 



13 
15 



30 



ItTbe efficiency of a pnnip without a vacuum chamber will he i^ 
mewhat less than this, as it might be found difficult under 
tain circumstances to work the pump to its capacity. The 
wcr necosaary to obtain this efficiency dopcuds, of course, 
1 the liight to which the water has to he forced, as well as 
If distance. When one of the larger sizes is employed for 
miuing water to a great bight, one man would probably be 
unable to work the pump to its capacity. The force pumps of 
alt leading manufacturers are able to do this amount of work. 
The amount of power required, of course, depends upon cir- 
cumstances. When the pump is continually supplied with all 
B water it can take, the ajuount of power required will be at 
minimum, and the pump will ho able to work up to its full 

icity. A vacnum chamber on a small suction pipe is almost v, 
necessity, because it frequently happens, in a city, that the 
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Email head of water in the etreet niaiiiH, and the Email [Mpe 
used to bring water, prevent a eoffieicnt supply from reaching 
tlie pomp, and coiiecqiieiitly the pump dtwa not do half tfaa 
work of which it is tlieorctieally eapablo. The addition of a 
racniiin cliitmber below tlic pniiip kee|>8 aooiietant streara flow- 
ing tu the pump, and at the Bunie time acto as a reservoir from 

Frimen. which the pump may draw a supply at each etroke. The ordi- 
nary water charger or primer need on common auction putnpft 
answers tliU purpose, and add§ greatly hoth to the case and the: 
rapaciry of a force pump under tlie cimninetanccK named. 
Their cost ia small, hut their utiUty is very great and will; 
repay the expense and trouble of applying tliem. 

imvtat In cily huueee the pump most ugud for raising water is a eida 
pump mounted on a plank. These pumps arc often sold ni 
mounted. They are very convenient to fasten to the side of 
bntldiug or partition, as they have side ears, while the sactioH 
pipe and lower connection can be got at without disturbing tbi 
pump. The brake is usually arranged so as to be right or lef 
hand as may be desired. The parts are commonly all brasa 
Sizes vary from the small 2J-ineIi here, with a capacity of IS 
gallons per minute, up to 4J-incIi bore, capable of delivering 
IB 50 gallons per minute. When a steady and constant stream ai 
«. water is required to be forced up, and a rapid 6U]>ply needed, ■ 
double acting suction and force pump is used. The piunpl 
deliver water at both upward and downward strokes. A ptim] 
with 2i-iuch bore will deliver about 16 gallons per minute 
with a 3J-inch bore, 34 gallons; SJ-lneh bore, 52 galloM 
4i-inch bore, 100 gallons per minute. Such pumps, when fui' 
nislied with an air chamber and hose, are very efteetivo f( 
tlirowing a stream of water either for fire purposes or for 
ing windows and carriages and sprinkling walks. The lorgei 
sizes are very heavy and require so much power that a poi 
pump would in many cases be preferable. In pul.ting t 
pumps of this class large pipes uro absolutely necessary, sini 
the waste of power in forcing through small pipes the larg^ 
quantity of wuter they deliver, is enormous. 
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■"Wlien as large a qnantity of water as tliese pumpa will throw 
( to bo mised by hand-power, eome form of pump with a 
dmiblo brake w commonly used, bo that two mea can work at 
the same time. 

(In this country hand pnmps are made in almost unlimited vnri«y of 
iriety. Our nmnufacturers have brought the buBlness to a 
^h standiU'd of expellcncc, and in no country of tLo world 
e piiinpa made which are so cheap and efficient as ours. The 
illustrated catalogues of our leading pump manufacturers are 
BO full of exact and spaciiic information that no one who liaa a 

*fpeot idoa of the work to be done need make a mistake in 
Dosing a pump that will do it. 
There is scarcely any work which the laboring man is called Themboroi 
upon to do which is more irksome than that of pumping when ""^ 
the labor is to be long eontiinied or when the ((uantity of water 
is large. On this account it is always desirable to employ 
power for pnmplnj: where that is possible. In country towns 
horse-power is frequently available for this work, the so-called 
" horse-powerfl." either double or single, being readily arranged 
to drive a pump. These are not, however, sufficiently common 
or cheap enough to bo very generally available. The best 
power for driving Hinall pumps, in locations where it can be 
used, seems to be wind. A small windmill, working, as it 

^^pes, for a good proportion of the time, is a mneh more reliable 

^HHrcr than is generally believed. 

^HrWind was one of the firet sources of power utilized by man. windpoww 

^Tn Hollnnd, windmills have for a very long period furnished 
power for grinding, pumping and draining, and in that country 
the windmill of largo slzo has been bronght to a degree of per- 
fection of which wo have little idea. Mills of very large size 
and grcit power are used, and for a long time were able to com- 
pete with steam engines as sources of power, even when a con- 
sideniblc nnionnt was needed. Now. however, the steam engine 
funiislr"8 power, where a great deal is needed, as cheaply aa a 
indmill. The reason for tliis is that the large mills cost a 
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great deal of money; indeed mills coeting from $10,000 to 
$20,000 are not unfrequently met with. These require oTen 
more attention than an engine of the same power, and do not 
work continnonslj. For small powers, however, they have a 
great many advantages, especially when they are to be employed 
at such work as that of water raising. 

wiBdmflk. A good windmill will head itself to the wind from any direc- 
tion without attention. It governs its own speed, not increasing 
above what is desired, even in a heavy gale. It can work con- 
stantly day and night as long as there is wind. To be durable 
it must be well built and fumislied with self-oiling boxes. It 
ia important to have it noiseless in its action, especially if it is 
to be located near a dwelling. It is not worth while for any 
one to attempt to build a windmill, as a much better machine 
can be bought for leas money than it would cost to make one. 
These mills are usually regulated by an adjustment of the sails 
or vanes. In the large mills in Holland the canvas which covers 
the arms is taken in when the wind blows hard, more and more 
being removed as the force of the wind increases. In tliis 
: country it is found better to turn the slats or vanes so that the 
' wind has less effect upon them. One of the best means of do- 
ing this seems to be to turn the slats edgewise toward the wind, 
the slats being arranged in frames for this purpose, 
utnityof In the Western States, in level countries, on the tops of lofty 

^*^'**™"^ hills and along the seacoast, windmills do more work than in 
sheltered places among hills or in a well-wooded country. 
Thus in Kansas, California or Texas a windmill will do double 
the work it will in Central New York. The stronger and 
more continnous the wind, the more power will be obtained, 
and a wind blowing 50 feet per second will give four times the 
power of a wind at 25 feet per second, 
i^octtion. I^ locating a windmill care should be taken to set it in as 
exposed a situation as possible. This is usually done by placing 
the mill upon the top of a building on a framework erected 
for the purpose, and generally directly over the spring or well 
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1 which water is to hu taken. Tlicre are windmill pumps, 
lowever, which work at a dietanco from the mill. In this case 

both mill and putiip can be located in the places beet adapted to 

them, 
p The following table §bowa the average power of windmille •* 
^Kf dlSerent sizes : * 

^K 9 feet mill from 1 man to ^ horse-power. 

^H IS " 2 men to 1^ 

^H 17 4 men to 3 

^H 25 1 horse to G 

^H 40 " 10 horse to 20 

^^M Best Diameters for Pumps. 



WindmiU. 

9 

»4 " 

>7 '* 

»S " 


Elamtioii in Feet. 


5 

6 

a 

9 
»5 


4» 
13 


20 


as 

3^ 


30 

3Ji 

3>f 

4M 

5 

7 

9 


40 

3 

3Jf 

3}i 

4 

4}i 

6 

S 


SO 

T^ 

3 

3X 

3X 

tH 

5 

7 


6o 

3 

3X 

4X 

4!< 

6 


So 

'X 

'H 

3X 

4 

4J< 


3 
3^^ 

5 


125 

■Ji 

•H 
'% 

3 
3ii 

4« 


ISO 

■X 
>« 

>)< 

3 
4 



The stroke of the pump is assumed to be from 4 to iuclies ; 
but many mills are so arranged as to allow a variation of the 
length of stroke according to the force of the wind and amount 
of work done. 

The speed at which mills can be driven varies, of course, bj 
with the speed of the wind and the load. The following is an 
approximate statement of the number of revolutions per min- 
ute. AIk>vc tlicBO velocities the regulators begin to act to pre- 
vent any increase: 



Feet. 
8... 
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Diameter. Bevolntioiis. 

Feet. per minute. 

10 00 to 65 

12 50 to 60 

14 45 to 50 

17 35 to 45 

25 20 to 30 

40 12 to 15 

oonitrootion. The smaller sizes of mills are set upon cast-iron columns or 
timber frames. The larger sizes are usually placed on the top 
of rectangular towers formed of four strong timbers set 
inclining toward each other, and strongly braced to make tlie 
whole firm. Where large sizes are necessary, the manufacturers 
furnish drawings and specifications showing how the framing, 
&c., must be set up. In this case the manufacturer needs to 
know the depth of the well or spring below the surface of the 
ground ; the least depth of water ever known in it ; the 
hight above the platform of the well to where the water is dis- 
charged ; the lateral or side distance (if any) from the supply 
Adaptation to the placc wliero the water is to discharge : the amount or 

of windmills , ° ' 

toconditions. quantity of water wanted, or at least the purpose for which it 
is to be usud ; also the extent or quantity of water afforded by 
the supply or source ; and the hight at which the mill must be 
erected to secure a free current of air. In case of a bored oi 
driven well, he should know the diameter. 

There are windmills in New York, built a number of years 
ago, which pump water into tanks on the tops of lofty build- 
ings at a merely nominal cost — in one case the repaii>i for some 
five or six years amounting to but few dollars — the cost for 
pumping being practically only the interest on the tii-st outlay. 
oo«t The prices range from §75 to $80, for the smallest sizes, to 
something like $2000 for the 40-feet mills. In places where 
fuel is very costly, it may at times be economical to employ 
still larger mills, especially if it is a place where strong winds 
prevail. 

In Hingham, Mass., a 9-foot wnndmill was erected several 
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. '';irs ago which lifta water 50 feet above the pump and forces 
t 450 feet througli an inch pipe. A mill 9 or 10 feet in diani- 
' iir, when well constructed, seems in most localionB to be amply 
Mt*to lift and force water to an elevation of 60 feet, and eup- 
\<\y it in eiifficlent quantity for a large honse with batli rooms, 
watcr-oloaets and the like. In some places windmilk have been 
QBcd for the purpose of drainage. The following is the de- 
Seription of one used for draining after the Dutch plan ; it 
■es to show the power of a comparatively small windmill : 
le tower is 27 feet high, with a building 22\21 and 14 feet 
high^.iisod as a house for a family. The whole is built on pilea 
driven into the eoft groimd. The mill, 25 fcot in diameter, 
drivca a baling wheel 11 feet in diameter, ITincbee face, placed 
in a krge wooden box or receiver to which the drains lead. 
The water is lifted 6 feet, and in an ordinary wind, when the 
^ling wheel makes four to five revolutions per minute, it 
and discharges 1920 to 2iiXI gallons per minute, and in a 
mg wind, at seven revolutions, 3360 gallons, or S4 barrels 
minute. 

In one instance of which I know, a small windmill takes 
ir 550 feet distant from the house and raises it with ease to 
an elevation of 65 feet. During a stiff breeze it has pumped 
600 gallons in an hour. There are very few days in whieb the 
mill cannot work at lea^t some part of the day, and by having 
ample tank room the supply is always sufBcient for lavish use. 
In closing these remarks upon windmills, I cannot do better 
iQ present tlio following extract from an article upon the 
(jeot in the American Ag^rictiftvHst : " A few years ag(i 
windmill was an unusual sight in this country, except in the 
very oldest portions. We were not a sufficiently settled people, 
and did not remain long enough in one place to make it profit- 
able to build sncli substantial mills as have been so long in use 
in other conntrJes; we needed cheaper and more quickly con- 
stracted mills. Those which we could then procure were not 
JBtisfactory ; they were slightly bntlt, and were not able to take 
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care of tliemselves wlien the breeze became a gale or a linr 
ciine. liecently our iiioclianics have turinid tbcir attuntfun 
wind engines, and ^eat iniprovGmeiits liave been made in iho! 
conatruction. We have now a clioice of several kinds of then 
all of them useful, but differing cbiefly in Uieir degree c 
adaptation to varying circnrastances. At tlie recent Illinois Stul 
Fair there were no less than thirteen different wind engineH o 
exhibition, from the einali one. 8 feet in diameter, copting bi 
$100, of but half a horse-power, and fitted for pumping stoo 
water or churning, to those of 30 or 40 horso-powcr, eostin 
$3000, and able to run a grist mill or a woolen fiictory. Bi 
twecn these extremes there are a number of mills capable e 
adaptation to almost evorj- purpose for which power is neede 
power on the fumi or in the workshop. A mill 22 feet in diamcte: 
lainc* costing about $500, hoe a power of five horses ; a two horsi 
power mill is about 10 feet in diameter, and costs about $821 
The cost is less than that of a steam engine, and a wind engin 
needs neither fuel nor skilled attendance. Keither is tber 
danger of fire or explosion from accident or carelessnese. Th 
wind engines are now made self-regulating, and in a sndde 
storm close tliemselves. They are also made to change the! 
position as the wind changes, facing the wind at all times. O 
the Western prairies, and almost everywhere, except in she 
tered valleys in tire East, we have wind enough and to 
which offers to us a power that is practically incalculable uH 
illimitable, and the means of utilizing this power is clieapl 
given to US in the numerous excellent wind engines now muni 
factured. In fact, so cheaply can these mills be procured, tJil 
it will not pay for any person to spend his lime in making on 
althongb he may he a sufficiently good mechanic to do it." 
mpiB« In a great many locations where power has to Ijo employe 
in raising water, steam is the only power which can be convei 
icutly applied. It is snltablo for almost any situation, is easil 
managed, is generally understootl by mechanics, and preseni 
no difficulties not easily overcome. Its nuivcrsid adaptahilit 
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1 tlie immenso doinand for steam-driren pumps lias tnrned 
p attention of enfj^inet'i-s and capitalifits in tliis direction, and 
itlie present time t!ie manufacture of eteain pumps and their 

18 one of the largest iiiduati'iea in the country. It is James w 
bereating to note tlio fact tliat James Watt, tlic so-called 
pber of the Htoam engine, was really .i steam pump man, all 
I engines for s, ^eat many years being dfivoted entirely to 
I pumping of wtiter out of mines. The application of the 
1 engine to the furnishing of jmwer for otlier purposes was 
IBC by otlier persons while Watt was busy with pumps. Tiicswamini 
inafacturcr of to-day liae so eimplified and cheapened the 
1 pump that, while its cost is very smalt, its management 
bso simple that it may almost be eaid to be perfectly automatic. 
B chief item of cost, and tlie portion of tlie apparatus requir- 
^ tho most attention and care, is the boiler. In cases wlicre 
J for lieating is employed, a steam pump can he used with- 
out any additional trouhle. Many people fear to use steam 
boilers on account of the supposed danger attending them and 
Hjin idea that the insnranco will be increased l>y them. There 
^^be a great nnml)er of boilers in the market which can be used 
^^niniinrcd buildings, the companies considering them no more 
^H^Uigerous than u coal stove. 

^B 1 have iti mind one among the many excellent steam pumps AitMm 
"for light duty which may be taken as an illustration of the best u^wdM 
mitehfnra of its kind in use. Tlie pump is 2 inches in diameter 
and six inches stroke. The steam cylinder has the same length 
of stroke, and is 5,i inches in diameter. The pump discharges 
■OS of a gallon of water at each stroke, and when mnuiug at 
an ordinary rate of speed makes 100 strokes and delivers 8 
gallons of water per minute. It can with ease lie run up to 
It speed of 150 strokes, when it would deliver 12 gallons per 
„ ininute. The pump will run even faster than this, but it would copmiUt 
t be advisable to keep it running steadily at a higher speed, 
3 the wear and tear would become too great The boiler, 
. consists of a coil of Gteam pipe inclosed in a suitabte 
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case, is perfectly safe against explosion. The ordinary pressure 
carried is from 5 to 30 pounds per square inch, while the boiler 
is tested to 300 pounds per square inch. With 7 pounds pres- 
sure in the boiler the pump will force water 50 feet high. In 
such cases the boiler is fed from the tank, the pressure being 
sufficiently great to force the water into it against the pressure 

Bouer. of the steam. The boiler and pump form an arrangement com- 
plete in itself, and may be used for warming as well as pump 
ing, the boilers in such cases being made larger to suit the ser- 
vice required of them. An indicator or steam gauge is attached 
which shows the pressure, and there is a safety-valve by which 
the pressure is prevented from rising above the desired point. 

Pump. The pump is so arranged that it is always ready to start as soon 
as there is steam pressure in the boiler, provided, of course, the 
steam valve is left open. The amount of coal required to run 
Coal con. onc of tlicsc pumps is very small. It is stated on good authority 
that 30 pounds of coal will run one 8 hours, discharging 13 gal- 
lons of water per minute 95 feet high, or a little more than G200 
gallons of water raised 05 feet high at a cost of, say, 10 cents. 
Economy. Tlic cost for pumping the same amount by hand would be at 
least §1-50, and perhaps more. One of these pumps and boilers 
is calculated to furnish all the water required by 12 families, yet 
they are capable of doing much more. In a French apartment 
house in New York one of those pumps and boilcre is supply- 
ing 24 families with water. It is in this case, however, some- 
what overtasked, and the supply at times is a little scant. 
Duty. With a pressure of 12 pounds per square inch, pumping 70 
feet high, one of these pumps has run continuously at 150 
strokes per minute, delivering upward of 700 gallons per hour. 

Details. When less water is needed the pump can be run slower and the 
consumption of coal will be proportionately less. The ])rinci- 
pal parts of the pump are brass, for the purpose of preventing 
corrosion. The steam pipe is half inch in diameter and the 
exhaust three-quarters. The discharge pipe is 1 inch ; suction, 
li inch. The boiler is but 3 feet high and takes up a space 
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t feet in diameter. In case of tlio grossest neglect possible, th© 

nly diuuAgo wliicli could be done to the boiler by cutting off 

e supply would be to rupture ona of the pipes of whicli it is 

lado, and so allow eteam and water to escape and put out the 



Another pump for a similar purpose, but eonstruoted on an *i 
ntirely different plan, lias recently been attracting a good deal 
oF attention. Gas or kerosene is the fuel nsed. It is not 
of the direct-acting kind, like that just described, but has an 
oscillating cylinder which drives after the ordinary manner a 
laft to whicli the pump is attached. This machine is made 
lerfectly nntoniatic in all respects save, perhaps, that of oiling 
1 its bearings. It keejw tho Bteain pressure constant by tum- 
r off the gas or kerosene as the pressure tends to vary. 
Ije water supply is also self-regulating, the feed pump sending 
rater into the tank when it is not needed in the boiler. When 
B is nsed, five or six minutes arc sufficient to get np steam. 
One of these engines will pump 10 barrels of water per lumr at cc 
^Cost of ubout 3 cents. It only occupies about as much space as 
I flour barrel, and weighs 250 pounds. This engine possesses 
(notlier point, soinetiines of great value, and that is it can fur- 
?er for light work, like running a turning lathe, sewing 
lehine and the like. The principal objection to these pumps 
t thut they are not very strong and are likely to wear out some- 
jrhat sooner than is convenient. 

One of the most common methods of raising water by power h 
1^ by using the so-called hydraulic ram. The simplicity of oper-" 
of the hydraulic ram, its effectiveness and economy, 
Jicr with the fact that it is applicable in thousands of sitn- 
itlons where it is now unknown, render a better knowledge of 
^ operations desirable. The hydraulic ram is decidedly the 
niportant and valuable apparatus yet developed in hydrau- 
B for forcing a jwrtion of a running stream of water to any 
lovation proportionate to the fall obtained. It is perfectly ajv ^ 
ilicahle where not more tlian 16 inches fall can be had ; yet the 
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greater the available head the more powerful the opcratioB « 
the Tnnchine and the higher the wstcr ma^ be coiive^'ecl. 
krmw of a ratn working near Philadelphta which, with a liea 
of IG inclies, raised 40 feet all the wnttr ntedcd to sappi/ 
" large farm. It has been in use 35 }'ears. Thu relative pn; 
tions between the water raised and wasted are dependent en 
tirely upon tho relative liight of the spring or source of Kuppl 
aIhivq tlic rum and the elevation to which it is required to I: 
raised — tiie quantity raiseJ varying in proportion to tlie higl 
to which it is convej'cid with a gi\"en fall, Tlie dit'tauco whic 
the water has to be conveyed and consequent length of pipe h 
also some licaring on the quantity of water raised and di«eUiirj 
liy the ram, as the longer the pipa through which the wxter h 
to be forced by tho macliinc the greater the friction to be ore 
conio and tlio more po>vcr consumed in tin? operation ; yot it 
common ti> npply the rdm for conveying the wattr dJetancts i 
100 and 2(10 rode, and up clevationa of I W and 20() feeL T< 
feet fidl from tho spring iir brook to the nim is idjundant ft 
forcing up tlie water to i-ay elevation undei-, say, 150 feet i 
Iiight above t!ie level of tlio point where tho ram is located ; an 
the same lO-foot fall iviU raise tho water to a niocfi highei 
than that last named, although In a diminished quantity m p 
portion as the Iiigbt is increased. When a sufficient volnme 
water is raised witli a given fall it is not advisable to increase 
fall, as in so doing the foreo with which the rain works Je ii 
creased, the amount of labor which it has to perform greatly au{ 
mented, the wear and tear of the machine pmportionaluly u 
creased and its durability lessened; so that economy in tlie ei 
penso of keeping the ram in repair would dictate tliat no greats 
fall shonld be applied for propelling the ram th»ri is sufficiei 
to niise a requisite supply of water to the plaoc of use. 
f To enable any person to make the calculation as to what fa 
^ wonld l>o sufficient to apply to the ram to raise a sufficient 
'; ply of water to his premises, I would say that in conveying 
a:i ordinary distance of, eay, 50 or CO rods, it may be safely c«I 
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dilated that abont oiic-seveiitli purt of the water can be r.iiscd 

^Kxd discharged at an elevation above the raia live times as high 

^^Ktlie fall which is conveyed to tlie ram, or one-fourteenth part 

^^Bta ha i-aiaed and discharged, say, ten times as high as the fall 

^^^pliod ; and 6o on in proportion as the fall or rise is varied. 

Thns, if the ram bo placed under a head or fall of 5 feet, of 

e\cry 7 gallons drawii from the spring one gallon maj be raised 

35 feet or half a gallon 50 feet. Or witli 10 feet fall applied to 

the machine, of every 14 gallons drawn from the spring one 

^eallon may ho raised to tlie bight of 100 foci above the machine. 

^^KThe following is an example of what a rain will do when Eumpts 

^^■opcrly set up and with supply and other tilings proportioned omJon^*" 

^^K each other. TIio fall from tlio surface of the water in tlie """"^ 

^^King is 4 foot. The quantity of water delivered evcrj- 10 min- 

^^PbB at die hotiBo is 3^ giillons, and tlmt discharged at tlie ram 25 

gallons. Thus nearly one-«eventli of the water is saved. The 

pcriwiidieuliir bight of the place o£ delivery above the ram is 19 

foet. Bay 15 foot above tlie surface of tlio spring. The length of 

I pipe leading from the ram to the house is 190 feet. This 

e has three right angles, rounded by curves. The length of 

I drive or supply pipe ia 60 feet ; its inner diameter 1 inch. 

^o depth of water in the spring over the drive pipe is G inches. 

; inner diameter of the pipe conducting the water from the 

1 to the house is three-eighths of an inch. 

It is essential that the drive or supply pipe should be on tlicWmnrmpv 
e of quickest descent to get the full value of the head. '™'*™'- 
B approxitnatcB a catenarj'. If on a regular grade, the bot- 
1 water runs away from the top water so to speak. 

e ahonld be taken to set the ram in a pit deep enough to 
toct it from frost, or else the frost should be kept out by 
ising and packing. 
""The following table gives the capacity of rams of different capMHy 
sizes, together with the wciglits and diamuters o£ pipes to ba "^ ""*■ 
naed ia connection with tlieu : 
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Size 
of 
Ram 



No, a. 

No. 3. 

No. 4. 

No. 5. 

No. 6. 

No. 7. 

No. 10. 



Quootity of water furnished 
per minute bj the spring 
or brook to which the ram 
is adapted. 



3 quarts to 9 gallons. 



3 

7 

la 

ao 

«3 





u 4 . 




" 7 • 




u ,^ . 




" as • 




" 40 • 




•' 75 * 



Length of Pipe. 



Drive. 



as to 50 feet. 



u 

*4 

(t 

I 



ti 
% 
(• 
4» 
»t 
4( 



Discharge. 



Where dedred. 



It 
•I 

•I 
«• 

4« 

• i 



44 
•• 
•• 
44 
44 
44 



Caliber of Ffpea 



Drive. 



K 

I 

a 

4 



in. 
44 

•4 
44 
44 
44 
44 



Dis- 
charge. 



^in. 
a " 



Size 

of 

Ram. 



No. a. 

No, 3. 

No. 4. 

No. 5. 

No. 6. 

No. 7. 

No. xo. 



Weight of F^ if of Lead. 



Drive Pipo for any head 
or fall not exceeding 
xofeet. 



6 pounds por yard. 



4* 
44 
44 

44 



8 
xo 

83 

40 

40*045 

48 lbs. per yard c. iron. 



44 
44 
44 
44 
44 



Discharge Pipe for not 
over 50 feet rise. 



8 pounds per rod. 



zx 
zz 

ao 
6 

9 
ao 



44 
44 
44 
44 

4« 
«i 



44 



44 



44 

per yard. 



44 



44 



Disjhaige Pipo for over 
so and not exceeding 
zoo feet in bight. 



z4 pounds per rod. 



z6 
z6 

88 

8 
zi 

93 



•4 
»» 
44 
44 
44 
44 



44 



44 



•4 



per yard. 

44 



44 



Buppiyand If tliG mm is to bc placed under a greater head or fall than 
pipe^ named in the above table, it will of course be necessary to in- 
crease the weight and strength of the drive, or supply, pipe ; 
also, if the water is to be forced to any greater hight than above 
mentioned, the discharge pipe should be proportionately in- 
creased in weight and strength. Where the water is to be 
forced to any great distance (say more than 1200 feet) it is 
preferable to use a discharge pipe of larger caliber than named 
ill the above table. 

With a given supply of water under a great fall, the ram is 
not required to be of a larger size than for the same quantity of 
water under a less fall. That is, a No. 4 ram would be of suffi- 
cient capacity for taking the water from a spring or brook fur- 
nishing 7 gallons per minute where the fall is 8 or 10 feet ; if 
there is not over 3 or 4 feet fall to the same spring or brook, 
then a No. 5 ram would be better adapted to the place. 
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If the stream is a large one and a greater supply of water be worwng 
required than one of the large-sized machines will supply, it is iwtteriM. 
better to increase the number of machines than to increase the 
size of the one in use. Several rams may be set so as to play 
into one discharge pipe, each having a separate drive pipe. 

The durability of rams under constant service is quite won- Donuiity 
derf ul. I know of one put up in Durham, Conn., in 1847, 
which had been in constant use up to the time when I last heard 
of it, in 1873. It had not cost $5 for repairs and seemed good 
for many years more. The drive pipe was 1 J inch bore, 40 feet 
long. The discharge pipe was half inch in diameter and 825 
feet long. The water was discharged 85 feet above the ram in 
a perfectly steady, continuous stream. 

There are many subjects omitted from this chapter which 
might properly be considered under the head of elementary 
hydraulics ; but as most of those which seem to me of especial 
interest in connection with plumbing work are considered more 
or less fully in other chapters, their omission here is due rather 
to design than to oversight. 
17 



CHAPTER X. 

Sanitaby CoNSTBUcnoN Ajo) Dbainaob of GomrTBT Houses. 

Health de. Health and comfort in country houses depend npon the selec- 
gooddra^la^ tiou of a wclI-drained site. If the natural drainage is not good, 
it must be artificially drained by one of the several approved 
methods, which need not be described here in detail. A locar 
tion which cannot be drained should never be chosen, and, as 
the rule, those which are not naturally well drained are not de- 
FQiediandB. sirablc. This is a point which should be very carefully looked 
after, especially in the suburbs of large towns, where marsh and 
low lands have been filled in to raise them to the desired grade. 
In sucli cases the level of the subsoil water is likely to be dan- 
gerously near the surface. Filling in a basin, or low swamp- 
hole, does not change tlic level of standing water, and land 
made over such original depressions, unless exceptionally well 
undcrdraincd, is almost certain to be an unhealthy site to build 
Under- upoH. Tlic importance of undcrdraining filled land was very 
* strikingly illustrated during the epidemic of cerebrospinal 
ccrcbro mcningitls in New York duHng 1872. In the early months of 
gi.isinN.Y, the epidemic, and before the disease spread throughout the 
more densely populated districts of the city, it was found that 
in a majority of instances the spread of the infection was along 
the lines of the old water-courses, long ago filled in and forgot- 
ten, clearly showing that the tilling up of natural springs and 
water-courses without providing for the thorough drainage of 
the soil, is dangerous to public health. Our civil engineers are 
beginning to understand this better than they did a few years 
ago, and we are likely to have fewer mistakes of this kind in 
the future than in the past. 
Sudani Surroundings should also be looked after. Stagnant water 
^^ ^^' should not be allowed to remain anywhere in the neighborhood. 
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f water rarely rumains impure for any length of time, 
loie impurities are gradually oxiiUzcd and enter into 
nbiaatione wliicii reader them iiarmleesj but when water 
inda, as in ponda witliout outlets, in undraiued swainps, »S:c., 
1 a fruitful source of malaria. The early morning ia the Momini 
best time in which to choose a site for a country house — aup- 
poeiiuji;, of course, that the perBOU proposing to build is in a 
position to select an eligible location. If one place is covered 
with & fog, while other places are free from it, the clioiee should 
Me in favor of the latter. The presence of such a fog, or even. 
^thiri, opalaicent mist, indicates wet ground; and although 
[• may Ix; no appearance of standing water on the surface, 
I source of the cxceeaive moisture in the air will be found 
■der the surface, if sought. 

rThe subject of land drainage has a literature of its own Lua 

nicli 18 so complete that I need not extend the scope of thi^ 

Uume to include it. Those interested in the subject can lind 

)veral cheap and excellent manuals on land drainage on the 

diclves of any general bookseller, and the moat that I can 

attempt in this place is to urge the importance of the subject 

1 ali into whose hands this work may pass. The nlmofet rantuut 
kivoraal prevalence of fever and ague attcsta tlie need of more 
■ongh drainage of districts in which the value o^ laud is 
; enongii to justify the espenditures needed. There is 
rcely a place within forty milea of Xew York that is free 
1 intertnittent and 'worse fevers, and not one that I have 
1 which could not he made healthful if the proper means 
a taken to drain the soil. To secure good roatilta the druin- 
f a populous district must he undertaken as a public work ; 
t so general is the indiilerence still manifested tu sanitary 
m, tliat it is always diiUcult to secure the popular consent 
B levying of a tax for any such purpose. We shall be wiser 
esc matters a generation hence. 
The plan of a house and the direction in whidi it fronts are viuwidpia 
t always matters to be determined by tlie preferences of the imiatuB. 
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owner. When practicable, liowever, as ie generally tlie c«sc i 
isolated country lioueee, it is desirable to give as many of tli 
living and sleeping rooms as possible tiie benefit of ubuudai 
snnliglit. Tliie 'm usually best secured by giving tliein a eouti 
Toomnehern exposuro. Broad piazzas, bcavy vines trained upon 
ua\,ui. lises, and overbaiiging shade trees are very attractive and be: 
tiful, and often comfortable during the warm days of summer 
but in eo far as they exehide tlie sunlight and render a plai 
" damp," they are bad. We cannot afford to make too uianj 
saeritieca to secure picturestjue effects, and the differences whi( 
the observant traveler Dotiois between onr country houses ant 
tliose of Europe are largely due to differences of climate «Di 
nnUfhiuottier circumstances. Experience has (ihown that health ati( 
' comfort are promoted by giving the sunlight a fair chance t 
l>enetrate to every nook and corner to which it can make il 
way. It will do more than tone of disinfectants to purify and 
sweeten the environtneuts of our dwellings. Human being 
are as dependent upon the vitalizing and energizing power o 
sunlight as are the plants in our conseni'atories or the vcgeta 
nikdod bles in onr kitchen gardens. A house hidden in the dee] 
shadows of great trees and surrounded by broad, curved piazzas 
always seems to me like a gloomy man with overhanging brow! 
' sitting in the Valley of the Shadow of Death ; and I never tint 
myself in eucli a mansion, even in the hottest of Bomme: 
weatlier, without in voluntarily recalling the lines: 
" Blest power of FunBhine, gDnuU day, 
What balm, what bliss are in thy rajr I 
To feel thee is such perfect blisa 
That had the world iio joy but this — 
To sit iu Bimshiite. ealm and gweeb — 
It were a world too oxquiaito 
For miin to leuvo it for the gloom, 
The dim, cold ibodow at the tomb." 
Sunshine is rarely appreciated, though it comes to ns witl^ 
blessings woven into every ray ; and the sanitarian who slionldl 
devote a lifetime to proclaiming its benefits would do more toj 
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promote public lieiiltli than any wlio liave yet entered this wide 
Held of philantliropic labor. 

It docs not follow, however, as the logical sequence of what TinmMii 
has already been Baid, that the oecnpants of country lioiiscs 
must altogether dispense with vines and shade trees. These 
arc eminently desirable in their proper placce, only wc most 
not let them come between iis and tlie gnnsliine. The greatest 

I'or that Alexander could do the philosophic Diogenes was 
step aside and permit the sunshine to fall into the tub which 
ro the old cynic shelter. Let lis, who boast a larger knowl- 
ge and a broader and more comprehensive pliiiosopliy, be not 
i wise than the ancients in matters which concern us so 
pply a» this. Science haa taught ne that tho Eiin is the source sniuhiM. 
of all life. All terrestrial phenomena are dependent npon 
light, heat and actinic force, and when these are excluded life 
^^Hd vigor yield to death and decay. Wo know how dependent 
^^BUta and all living organisms arc ii^ran the sun, but wo are 
^^^ to forget that wo need tho sunshino as much as plants and 
flowers — vastly more, indeed. 

When health is a consideration — and I do not need to s.iyaHa.drr 
^Jhat health is not always considered — the occupant of a country uuianeMiwi 
^^Mtso should see that his cellar is clean, dry and wcU venti- 
^^Hed. If ])i}ssible it should be light, for we arc not likely to 
^^Bvu any one of tho three essential conditions al>ove mentioned 
^^Bany place where daylight never comes. In a great many 
^HptanccB cellars are allowed to becomu so foul as to be a per- 
petual menace to the health of those living over them. When cauxKif 
fiickm^t^ comes how seldom do we look for the cause of it in the oMen^Iuiui 
rig ht place, if at all. As the rule, country cellars arc damp, "'""■^ 
^^■aaldy vaults, chietly useful as places for the storage of the wio- 
^^H mippties of vegetables. To suirgest putting provisions any- 
^^Kcro eke would shock a farmcr^s sense of propriety ; hut in all 
^^B buildings on his farm ho could not And a worse place for tho 
^^Btrage tif vegetables than the cellar under his houHc. Many of 
I^tty readers well know what cleaning oat the cellar in the spring 
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uteaa- iticniis, aiid how mtipli decaycJ and monldy vegetaWe matter i 
advnnecd stages of (Iccoiiiiiositioii is iienaily gathered apfroni tJ 
floor. A fanner wowld Iw shocked and di^^ustod if it waa e,aa 
gestptl that a ehcep'a cavrase be allowed to rot ail wiHtcr in th 
I cellar; hnt it is a well-known fact that the danger to health {too 
decaying animal matter is small compared with tliat reenltin 
from the decay of vegctahlc Knhstances. A little care exj>endo 
m keeping the cellar clean would he amply repaid ; hnt nnle 
tlie Itroont and shovel arc supplemented hy alnindant freeli at 
and wholeeome Eunlight, the lalwr of piirilieacion will novi-r I 
fully accomplished. 
WNoeoiBra. When from any cansc a cellar I'a liable to he wet, cilher froi 
the inflow of water nndcr or through the fou'idationB or l> 
Boakage through the soil, it should be drained, I have see 
Cellars which wore always dry, and I have known of one i 
which cider has l»een kept for 20 years without turning to tin 
gar, and a bnck-aaw might lie on the floor for an indelini 
period without showing a epot of ruet ; hnt such cellars are n. 
common, and an arrangement for drainage should be providj 
iu all hilt exceptionitl casea. In his excellent work on " Kar 
Drainage," piililiehed some 20 yeara ago and still standart 
xvtwEas Jndge Henry F. French draws the following vivid picture c 
iprtngume a New England cellar in spring time, which is so approprial 
to the enbject we aro considering that I cannot resist tlie temp 
fation to ijnote it : 

"iS'o child whoever saw a cellar afloat dnring one of thea 
immdations will ever outgrow the impression. Yon stand 01 
tlic cellar stairs, and liolow is a dark waste of waters of illuuita 
ble extent. By the dim glimmer of the dip candle a scene i 
presented which funiishea a tolerable picture of chaos jiod ol< 
night, bnt defies all description. Empty dry casks, wit)i cidc* 
barrels, wash tubs and boxes, ride triumphantly on the surfan^ 
while half-filled vinegar and molasses kegs, like waler-loggw 
ships, roll heavfly below. Broken hoards and planks, old hoop 
and staves, and barrel heads innnmerable, art buoyant with t 
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e of ttie dements, while flouting tnruipa and apples, witli 

1 there a brilliaiit cabbage bead, gleam ia tlio enbterra- 

tan firmamout liko twinkliDg stars, diimued by the effulgence 

3 moon at her full Magnificent among the lesser vessels 

i deet, liko soma tall admiral, rides the enormous masli- 

^ while the aatonishcd rats and mice are splafliing about at 

laso iu tlie dark waters like salbi-s just wajdicd at midnight 

1 tlio deck by a heavy sea. 

lookers-oa are filled with varions emotions. The 

Jier eoea Ills thwuaaud bushels of potatoes submerged and do- 

I to gpuedy decay; the good wife mourns for her diluted 

ikltis and appli! gauce and her di-owned tirkins of butter, 

i; the buys are anxious to embark, on a raft or in the tubs, 

a cxcmmon of pleasure and discovery."' 

Tliis picture, though drawn with tlie free hand of caricature, 

►t greatly exaggerated. I Iiave many times witnessed sucb a 

lao, and not a few of my readers will recognize it as sometliing 

aicli lias come within their own ex]>enenee. Cellars liable wotoeiiui 

f*i exceseive dampness, and especially tliosc subject to 
uidatioD, are unsafe. The drainage of a cellar can usually be 
lomplishcd without difficulty by means of earthen tiles. The 
pthodfi will be found fully described in any good work on 
i drainage. 

L barn and it^ surroundings may bo a perpetual nuisance or Danuud 
i according to circumstances. Ordinarily it is clean enough ""' 
k>, but tlic cattle yard is generally so foul that, except in 
ually dry weather, one who ventures to cross it must tread 
i deep in filth of tlie nastiest description. A neglected pig- pic^^a 
3 anollier horror — disgusting to look at and giving off a 
tilent effluvium day and night, to be wafted, with the min- 
1 musk and amuiouta odor^ of the barn-yard, into open win- 
! and doors. Sucb a disregard of sanitary laws, to say 
liing of the violation of decency involved, is without excuse, 
) ita only explanation is found in the diarhablo supposition 
Bignomnco on the part of those responsible fur it. I liavo 
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seen baras that were aa clean in thcmBclvcs and all tLcir bop- 
I'dundings as the hoUBcs of tlie jicoplo owuiiig Uieni. Tliia c 
never bo when niauuru je spread out over the baru-jrard to i 
in the open air. Ever^tluiig in the way uf luannrc, incladin] 
weeds, fallen leaves, refuse vegetable matter, carcases of dea* 
animals, kitchen garbage, animal excreta — in fact everythinj 
capable of fermentation and decay— sbouiJ be composted hat 
utilized. Not being a farmer, either scientitic or practical, '. 
will not venture specific recommendations as to the best ani 
roost economical methods of composting manure o 
scale for prolit, bnt a few suggestions on this point may be c 
interest to those who, for sanitary reasons, arc M'i'Jing to t 
the trouble of making muek heaps for the eafc and eoiivei 
disposition of whatever might give rise to nuisanetj if left t 
ferment and decay in its own way. Others are referred to th 
Beveral able and exhaustive works on the sTibject, written bj 
eminent scientific agriculturists, which may be had of any booV 
eeller. 

The theory of composting waste organic matter is to pro 
vide for the decay and transformation into useful, or at leiut 
harmless, compounds. The means by wlileh this can be acooni 
plished are numerous and exceedingly simple, entailing m 
expense which is not more tlian offset by the vainc of thi 
manure made, and no trouble that is not vastly more than c 
])ensated by the sanitaiy benefits attained. All tliat is i 
sary is to ihorougbly intermix and cover the matter to I 
treated with any light, dry, absorbent substance, and keep it o 
a dry bottom under cover. The substances suitable fa 
covering are dry mould, peat, spent vegetable uslies, itiarlf 
aawdust, crushed straw and many otlicr subi^tanccs equallj 
cheap and available. Sand and clay are not suitable. 
supci'ior material for composting may be made hy tnixlni 
peat, wood asliea and dry mould. When composting is to b 
dune on a small scale, the first treatment of the matter to b 
composted can be carried on couveuieutly and safely in i 
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large box or tank. This may be made the receptacle for every- 
thing Riitulile for transformation into manure, and when full 
tiie ci>ntents may be removed and piled under a shed until 
needed for use. If the person who takes the trouble to make 
a comprjst for Hanitary purjmses has no use for the manure, he 
can Tiaually sell it to those who are iutelligont enough to 
know its vulnc for a good deal more than an equal bulk of 
stalile manure will command. The reader for whom thie sub- 
ject has any interest — and it is of vital importance to all wlio 
live in houses not drained into sewers, as well as to a large pro- 
portion of those who enjoy this doubtful advantage — should 
gtudy tliia subject carefully with the aid of any one of the 
manuals on eompostiug inannrcs. To treiit the subject in any 
detail would require tlie surrender of more space than can be 
spared in this volume. I could, moreover, add nothing of 
value to tiio mass of exact scientific information on tliis sub- 
ject compiled by careful experimenters and accessible in many 
inexpensive books and pamphlets. The practical interest which suiitu? t 
this subject has for the sanitarian is this : Any substance poiiuaT" 
which, left to decay in its own way, becomes a dangerous nui- 
sance cap;ible of exerting an influence unfavorable to health, 
may be rendered inodorous, and what is vastly more impor- 
tant, innoxious, by intimately mixing and covering it with clean, 
dry absorbent earth. No more trouble is required to do this 
than any person of refined tastes should be willing to take for 
the sake of decency and comfort. If the sanitary policing of 
a bouse and its surroundings is attended to from day to day, the 
labor will not be onerous nor exacting ; and when to the bene- meu 
fit of more healthful conditions we add the pecuniary profit of 
conserving and i)tili;!ing all waste substances which can be 
made available for fertilizing purposes, even poverty and pre- 
occupation cannot be accepted as valid excuses for the neglect 
f. this important duty. 

I privy next invites our attention — although it cannot ptItm. 
ally be said to be an inviting object. Tliia is commonly & 
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place fio foal and offcmive that a. ]>crson sot uecastomed to il 

characteristic odor is proiupled to avert liis faet- and bold k 

TiwiTPiriiTio&e wben coaipelled to go near it. Verj' often tiw privj 

•bmckumuo." ect OH top of Uie gTound, witli Qotliing to prevent its lH>eoiiul 
a pestilent nuisance except tbc action of tlte air in drying d 
•atnratiaa tna^ of putrcfactioii Iteucatli. Tbe mil becomes eoaked hj tl 
' liijuid constituonts uf the excreniental matter, and cadi n 
may wash some of it off toward the well or epritig from wbii 
drinking water is taken. The veiy tliought is sickening u 
yet the caso is by no moans uncommon. In every village ai 
country town such privies are the rnle rather tlian the exce 
tion. I have seen in a New Jtrscy town, in a liglit, poron^ 
eandy soil, the privy located within aO feet of tbo hoaae t 
in close proximity to the well. 

The neglecte<l privy is a reh'c of Itarbarisni which eliould 

Tunb do»i9. longer be tolerated in civiUnod coramanities. The eartJi do 
of which I sliall speak more fully further on, should ho auk 
tilted for it; hot if the privy must remain, let us reap 
health if not decency, and coinpofit tbo foulness it is bi 

suhrtitntefor to Contain. There should be no such thini; as n privy va: 

prlT7TBulU. 

Under tbo seat there eliould be a box with tight Joints i 
wliicb everything could fall. Tlie back of the building sho 
be BO constructed as to permit tliis Ihix to be drawn oat i 
emptied. A good shape for a Iwx of tliis kind is to have 
bottom slightly rounded up at one end, to which ie fastened 
stout iron ring so that a horse may be booked fn^t to it 
Boirta miike dmw it away like a stone drag. When placed in jwsition 
"^vy. bottom of the box eliould be coveted to a depth of 3 or 
inches with dry eartli, the more absorbent the letter. I 
greater convenience it would be well to have iho seat hij^ 
BO that it can be rmsed, giving access to tlio box from tbe I 
for its entire length. AVith these simple and inexpensivo pn 
arations made, it is only necessary to sprinkle a little dry ejii 
n daily over the contenti; of the box. Properly, a quart or t 
[!iihould be thrown in whenever the privy is used; but thisiei 
t likely to be done unless the operation can be effected antoinatit 
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', and few persons will incur tlic expense of providing a privy 

ritli die r^ular eartli-closet apparalua for letting down a cep- 

ftin quAnUty of earLli npon cacli frcali deposit of fiecal matter. 

[ recomineud this arriingeuient for several rt3asons. The most 

nportant of tliese are Its clieapness, simplicity and cffificncy, 

Itavo seen ei;cellent results secured by placing a tight cask 

acier each seat, with a botlom layer of earth. In coiuicction 

ith such an arrangement tlicro should be a box of dry earth 

1 one comer of the privy, and a Bcoop or small shovel witli 

phick to throw it in. It is some trouble to keep this box 

plti«i and to throw earth into the receptacle, but it is am- 

•epaid. I know of nothing more disgusting to sight and 

ncU, more nauseating to the fitomaeh or more dangerous 

to health, than a typical country privy, with its quivering, 

retJtiug st^ginite of excrement under each seat, resting on 

I bod of filth indescribable. 1 feel as if it devolved upon 

I to ask pardon of the reader for even mentioning such a 

Ightiuare horror; but the writer upon such subjecta must not 

top k> diocH3 his words ivhen attacking an evil so serious as 

Snch privies as I have described are by no means cxcep- 

ional. One may find titem pooring over the lilacs or hiding in 

jDoscious sliaine bolitud the grape arbors close beside an unfor- 

tnately large percentage of country bouses occupied by people 

Vlio, in all other matters, live decently and comfortably. 

I There are several ways of composting fajcal matter with dry ojmpoitua 

rth, but I know of none bettor, simpler or Ivsa ex]K;nsivo "*■"■ 

I tliat I have suggested. Dialnfoctants may be used with DL>tiii«tuto 

idvantuge in connection with earth, If needed, but tbey arc 

ictically powerless, if used alouc, to render harmless and 

■doroas the contents of a foul privy vault. I Lave tested 

bis very thoroughly, and my conclusion is that a long-neglected 

rivy is beyond reform by any means otiier than those needed 

to reform it out of existence. The beat way to do this is to 

empty the vault, till it with clean dry earth and split up the 

3 for kindlings. I also know from experience tliat a sum- AuoitBr 
ter hotel privy, used daily by a large number of people, can "^ ^' 
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be so well taken care of that it will be ae free from nnplei 
Bighta and gmells as the front porch. In the case in mind 
small quantity of sifted dry earth was thrown in two or tlire 
times daily by a boy, and as often aa necessary the boxes wer 
taken away and emptied in a place where their contents eoni 
be made available for further service in composting wit 
kitclien garbage, &c. The expense was trifling and the ri'stiU 
Beciired were such as to satisfy the most rigid sanitarian. Th 
method is attended with no diflicultiet!, and no illustntiot 
are needed to make it plain to the simplest understand En^. 
pttjitmsboaM But an outdoor privy, however well kept, should not be tli 
depemtame! only Convenience of its kind provided for the occupants < 
country houses, lu dry summer weather they answer the pui 
pusi; well enough, perhaps; but in wet weather, and cspcciall 
in winter, their use involves an exposure which few constitn 
tions are strong enough to bear with impunity. Women i 
especial sufierera from this canse ; hence we find that in wet 
cold weather tlicy defer their visits to the privy until < 
pelled by unbearable physical discomfort to brave the daiigei 
and annoyances of a dash out of doors — for which, I may ad( 
mwniuitT they very rarely wear sufficient clothing. The resiilte of th 
ita™n«!.i''''egularity of habit thus induced are, if possible, even v 
qjumein. ll^J^J^ h^q^q attending the frequent exposures incident to groat* 
regularity. It is not an uncommon thing for women in th 
country to allow themselves to become so constipated that daj 
oonatipatiDD and sometimes weeks wjll pass between stools. Pbysi' 
ii«i»t. practicing in cities, where every provision is made for comfoi 
and convenience, if not health, by means of indoor wateit 
closets, tell me that irregularity in attending to iJie require 
menta of nature ia a fruitful source of sickness among women 
It seems to be a tendency of the sex which easily assumce tli 
form of a habit. If this be so in cities, what c&u we expect il 
country districts, where a visit to an outdoor privy in a col 
storm or when the ground is covered with snow and tlie ) 
frosty is attended with a physical shuck whicli even strun 
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mpn lircad 3 ITiider siioli circumstances we can scarcely blame 
tliose women who, ignorant of the consequences to thomselvee, 
d«fcr the performance of tliis iniportant duty as long as possi- 
ble. We may more justly pity lliem aa the victimsof a custom 
wiiich, in this a^e of enlightenment, is Rimply diagracefuh 
This, however, is a subject upon which it is of little me to 
fc\lk of write merely. Until we provide our families witlisuiurr 
rtter facilities than are now commonly enjoyed by them, the oTimioor 
bportant duty of a daily evacuation of the bowels will be neg- *™"" 
ted in wet or cold weather by all who can find any excuse 
r BO doing. 

► When the need of a substitute for, or indoor supplement to, wommiomw 
B privy is felt, the owner of a country house, if in comforla- doiuu. 
I circumstances, commonly has a water-closet put in. This 
tbviates the difficulty of which I have last spoken, but it usually 
gives rise to another which, though wliolly different, may exert 
n still wider infiuenco for mischief. The objection to a water- 
closet in a coimtry house lies in the difficulty of providing the 
meami of effectually disposing of the matter which passes down 
the soil pipe. Under exceptional conditions the house can lie DunmmH 
drained into a running stream, hut while this may solve the of •oil 
problem so far as tlie individual householder ie concerned, it 
innnediately acquires an interest for the community. It is pos- 
sible, of course, to dispose of water-closet soil even when we 
liiive no sower into which to run it; but this can only be done 
properly by sepuniting the solid and fluid constituents of the 
I, filtering the latter and mixing the former with dry earth 
f other material which will absorb the gases generated by its 
jomposition and render it innoxious. The function of water waiemni/ 

e drainage is only that of a carrier. Wlien it has per- 
med its work it leaves the matter carried pretty much as it 
tnd it, and wherever the place of final deposit may be, if 
lOve ground or massed in pita, there are bred poisons which 
toy do infinite mischief. 

L*A simpler, cheaper, safer and altogether more convenient — Th*«utfc 
6 movable — apparatus than the water-closet for country 
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hotisee, ie the eiirtli nloK-t. TiiU dcvico ia as yet little unde 
stood or appreciated in this coiiatrj. It is a initehinc for di 
poiiing of excretik with the least jio^ihle tronhle ; and no perfe< 
is it in oi)erHtioii that an eartli closet may romain in a bedrc 
or sitting room or the chamber of an invulid, and be in ( 
Btant nse, without maklug it« preseuoo known unless neglectet 
and witliout receiving other attculion than aii occueioiiul refil 
ing of the hopjier witli drj. sifted earth and emptying I 
receiver placed under the Beat as off«Q as it hecomes full. 

rrcanhwa The deodorizing and disinfecting qualities of dry eartli hsv 
■ Ix'en known from the earliest ages. In the instnictions given h 
MusuB to the Israelites during their march tlirongli the ^Idel 
DOSS, as recorded in Dent, xxiii, 12th and 13th verses, thct 
qualities are recognized and put to practical nee. The Chinet 
have also known and protited by the samo facts from lime in 
memorial. The iHiwer wlucli dry earth possesses of abM)rt>in 
the effluvia and all other noxious elements of excreta has, \ 
tlic latter people^ been so utilised that nt>t only is the atino 
pliere in and aronnd their dwellings kept fi-ee from coDtMuini 
tion, but the earth itself, after l>eing so used, becomes an cxct 
lent fertilizer, and to its extensive employment for this pitrj 
is ascribed the wonderful and perpetual fertility of the ni 
densely peopled regions of the Chinese Empire. 

iuUicioaeM Earth closets are of comparatively recent origin, having bccBt 
"'^",5^ patented by tlie Rev. Henry Moiilo, an English clci^jman, in, 
18(>0. Mr. Moule, who lived at a country parsonage, had b« 
greatly troubled with the nuisance caused by the cesspool < 
liis honso, which, like many others, was situated in close prox 
imity to the well from which the family had to draw their 6n| 
ply of water; and as the well was threatened with complet 
pollution, he made an effort to avert tlie danger and get rid 4 
the nuisance. He abolished privies and water-closets, an 
placed email bncltets beneath the seats for the reception of tb 
excreta, the contents of which were regnlarly emptied into 
treneli made in the ground for that purpose. In a short t 
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B made the disoovcrv tiiat the eScct oi the earth on the ftecal 
fatter was to totally deodorize and disinfect it. This discovery 
to furtiier expcrimente, until he devieed the mechanical 
na of osiog dry sifted earth in an ordinary closet or com- 
luodt', and having patented hie Invention hn introduced it to the 
publie. His eystem has been tried witlj succeBS in many places 
M England and in India. It has been found especially useful 
applied to large public institutione, barracks, encampments, 
and the strougest testimony has been obtained a^ to it& 
imp lets (lucceea. 

In a report to the Privy Council the following eummary of ct. 

the advaiitagofl of this system are given by Dr. Buchiuian : «iu 

]. Tho earth closet, intelligently managed, furnishes a means 

disposing of excrement without nuisance, and apparently 

'ithout detriment to healtli. 

In communities the earth<:loBet system recjuires to be 
iiiaged by the authoritiee of the place, and will pay at least 
expenses of its management. 

3. In the poorer claas of honses, where supervision of closet 
.ngemonts is indispensable, the adoption of tbo earth system 

offers special advantages. 

4. The eartli system of excrement removal does not super- 
Bede the necessity for an independent means of removing slope, 

bin water and soil water. 

6. The Uniits of application of the earth system in the fature 
inot be stated. In existing towns, favorably arranged for 

to the closets, the system might at once be applied to 
ipnlations of 10,0U0 persons. 

As compared with the water-closet the earth closet has 
advantages; It is cheaper in original cost, it requires ' 
repairs, it is not injured hy frost, it is not damaged by im- 
pper substances being thrown down it, and it very greatly 
luctw the ipiantity of water required by each household. 

7. As regjirds the application of eseremcnt to the land, the 
iTautagos of the earth system are these : The whole a^ricul- 
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tnral value of tlie excrement is retained ; the regulting mani 
is in a state in wliicli It can be kept, carried about and ftppli 
to crops with facility ; there is no need for rettriciiiig ite uso to 
any particular area, nor for rnsiiij; it at limee when, agi-icultn- 
rally, it i» worthless ; and it con be applied with advantage to a 
very great varietj-, if not to all. crops uiul Boila. After the dis- 
posal of ei^crenient by earth, irri^tion will otnitiuue lo have iU 
value as a means of extraetiikg from the refnse water of a place 
whatever agricultural value it may possess, for the benclit of 
such crops and such places as can advantageously be eabjvcted 
to the process. 

8. These conclusions have no reference to the disposal vX 
trade or manufacturing refuse, which, it is assumed^ ought ti 
be dealt with as belonging to the buuness tu which it is pro 
duced by the people who produce it, and not to como withil 
the province of local aalhorities to provide for. 

From personal experience, and after the Boverest tests which 
I could devise, I can recommend the eartli closet a£ the besi 
cheapest and most generally satiefaclory of indoor commode 
for country houses. 

laoietit^ There are several forms of earth closets in the market. Front 
$2fJ to J25 iH, I believe, the price of one made after the moat 
approved pattern, with a capacious hopper and an arrangement 
for discharging a tixed quantity of earth iuto the receiver. 
Those who are able and willing to pay this price will get a good 

iDine-mada article, with fuU directions for it« use and care. For the benefit 
modM. of those who are not, I will say that a convenient earth closet 
can easily be made, at small expense and without infringing 
anybody's patents, hy any person with intelligence enough to 
build a hen-coop. My own ex^nrrience in building and man- 
aging an earth closet may not be without interest. I made 
of pine hoards in the shape shown in Fig. 20. It was simply 
a box with two covers and no bottom. The under cover, wbicli 
served as the seat, was hinged to the edge of the box, and thi 
upper cover was hinged to the lower, so that they could be 
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w»ed singly or toother as dehired, witbont interfering with 
ich other, I i ilnr Ht ' ' ^ upon the floor, I 




placed a galvanized iron coal-hod. A tin jiail, full of dry, sifted 
e&rtli, stood iieaide it. When two or throe itichos of earth had 
been ^jirlnlcled npon the bottom of the coLil-hod the earth closet 




B ready for nseu The whole post of the a|>p.iratiiii, Including 
I large coal-bod, did not oxwcd $350, but it wus us attisfuctury 
18 
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80 one could be. A email eliovelfnl of earth «'as tlirnwn is 
wlieii tlif cloBet was need, and it was perfectly free from un- 
pleasant odor, though in daily u&e liy nevcpal perBons. Tl« 
only attention it needed or received wae to empty the hod when 
full. 

A somewhat more convenient shape for llic Iiox would liavt 
been to make it long enough to admit of partitioning ofF one 
end for an earth reservoir, as bIiowh in Fig. 27. This woultf 
dispense with the pail for holding earth and make the whole 
apparatus complete in llself. 

For fnller information concerning such closets and their nse, 
the render is referred to & pamphlet of grent interest «nd valtift 

aiio.E.war written a few yearB npo by Col. George E. Waring, Jr. 
'"■""' Newport, B. I. The title of this little tmok is " Earth Cloeetj 
and Earth Sewage." Mr. Waring is a writer who combinee ■ 
knowledge of sanitary engineering with extensive experience^ 
a habit of carcful and intelligent observation, and a literary 
style so pleasant that even the casual render is interested and 
instmcted. If a copy of his pamphlet on earth closets wtni 
placed in the hands of every country pitj*sici»n, I am satialied 
that great and important benefits would result in drawing tW 
attention of the profession to many things concerning winch 
they are, generally speaking, either ignorant or indiflferent, 
Buutarr If there is no water-closet to complicate the problem, the 
coanitr winitary drainage of a country house is somewhat simplified. 
""'""'" It is a mistake, however, to suppo^iw that human excrement ia 
the only constituent of sewage which is liable to give off offen- 
sive and poisonous gases during the process of deeompoeition. 
A Bewer into which no matter of liiis kind ever finds its way 
in, under ordinary conditions, as dangerous to hcnlth, if unven- 
tilated except through house connections, as one which receives 
ormnionui- all the waste of a town. Tlie waste water of the kitcbon csr- 

'" "w»"'' ries wilh it enough organic matter to breed iJestilenee nndor 
favorable conditions, and for this reason Ibe proper drainage of 
a country bouse whicli has a sink in the kitchen is a matter of 
prime importance us afiecting the healtli of the inmates. 
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At the Ijack doors of farm and villago houses we commonly nukHiaaF 
bid a evriuns ovll, oitlicr iu n defective drain or in the nhsviK^c 
f itny drain at ull. In the latler caee tlio "slops" are coiii- 
monty tJirown out upon the ground and left to tako (.-are of 
ielves. The ground, instead nf Iwing soft and ahsorbcnt, 
B bare, hard and oftun covurod with mould. To a person an- 
lUcustoined to it tUc smell is nauseating. If a drain is used it vmta. 

ralljr ends nowhere, and is often not nioro than 10 or 12 
»t long^a little pool at the end catching what pusses ihriiugh 
The miscellaneous refuse of the kitdien tinda its way into 
1 must go through the usual process of decay in the drain 
t about its mouth. AVhen we tind such a slovenly method of 
iaposing of tlie kitchen refuse, wo may take it for granted that 
tah water from the bedrooms Is tlirowu out of the window 
i chamber lye poured on the grass. 

a common method of draining country houses of the better 
in the L'nited Stales is into stone or brick cesspools. Tlie 
me system is employed in a majority of villages and nnsew- 
red towns when any provision is m^de for house drainage. 
i the rule, such cessjxjols are merely unventilated cisterns 
til botljtuisaiid sided more or less porous, through whieli a 
irt of the foul watt^r discharged ijito them escupea to saturate 
surrounding soil. That leaching cess}>oole are wholly bad is I 
liitatement which I can make without fear of intelligent con- 
diction. Such cesspools ai'e a fruitful source of disease and 
in rural neighborhoods whei-e they have been intro- 
Sewers aro bad enough, oven under the most favor- 
B oonditiuni', though for the present they seem to be neces- 
' evils in cities and i>op[dou« districts; but leaching cess-L«Bhiiw 
8 at their best are liable to be worse than sewers at tbolr ™^i'„ 
rt, since they are not channels to carry away tilth, but «*™' 
ieptacles for its storage, wherein we can manufacture our 
enpjilies of sewer gas and conduct it into tiur honsea 
■ougli the waste pii)es whieli we fondly imagine aj^ effectu- 
f scaled against it by water in the trajw. Uow much of a 
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dependence this is lias already been explained in a previous 
0r.L.piayfair chapter. Dr. Play fair, in an excellent address before the 
British Social Science Association, speaks of such cesspools as 
follows : " Instead of allowing garbage to be freely oxidized, 
or applying it to plant life, which is its natural destination, we 
dig holes close to our own doors and cherish the foul matter 
in cesspools under conditions in w^hich air cannot enter freely, 
and therefore the most favorable to injurious putrefaction. 
We forget the superstition of our forefathers, that every cess- 
pool has its own particular evil spirit residing within it, and we 
are surprised when the demon emerges, especially at night, and 
strikes down our loved ones with typhoid fever or other form 
of pestilence." 
Cesspools I am not prepared to advocate the abolition of the cesspool, 
* t^ht sides ^ it is still iudispcusably necessary under a great variety of 
and bottoms, eouditious ; but in every case it should be made as tight as a 
I bottle to start w'ith. Any mason can build such a cesspool, 
and the method and materials to be used need not be described. 
The end to be secured is to prevent leaking, and there is no 
Frequent uiorc troublc iu attaining tliis in a cesspool tlian in a cistern. It 
emptying. ^,^^^] J ]^^, ^^.^jj ^^ make it so small that it sliould need to be 

emptied every few weeks, and provision for such emptying 

Cesspool should be made by means of a suitable pump always ready for 

' use. There are many in the market whieli will do this work 

admirably. The cesspool sliould be dug as far from the liousc 

as convenient — say 100 feet — and the top should be left open 

so as to afford a free vent for gases which must otherwise 

Houaeeon- worlv their Way back through the pipes into the house. The 

nee ons. (.()^|j^,(,^j(),^ witli tlic liousc may be made w-ith glazed tile — 

Trappinff and preferal)ly Scotch — with the best cement joints. There should 
^waste pipes, '^^t, ill my judgment, be any traps except those in the branch 
waste pipes inside the house, and, as in city houses, the main 
waste should be ventilated above the roof. The cesspool may 
be covered in whatever way is most convenient or ornamental, 
provided an abundant vent is left, as before specified. My own 



DRAINAGE OF COUNTEY UOl'SES, 



277 



plan, in routing censpools near bouses, bua been to cover the 
top with a fla^toni.^, in which a holo is cut about ID inches 
«qu.ir<>. Into this I set a wooden box or cbimoey about a feet r 
liifl^h, with a door tii one side, which, when opened, discloHca a 
eerios of altermiting shelves extending half way aerose the chJm- 




f, aa eJiown in the drawing. Fig. 2S. The top of the chimney 
pni&hed with a ojip of metal or wood, merely to exclude snow 
I sleet. Upon the elielves cliari^oal is placed, the door is 
and fastened with a hook, and the arrangements are 
nplete. The charcoal should be renewed occasionuHy. It 
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absnrV)a all tlie offitneive and liurtfiil inipnritiesin the f 
exlialations from tlie cc^iK>ol, and witliniit interfering with tl 
ventilation keeps the tiling from bocoiuing a nuisance. Th 
Is similar in principle to tlio ventilating sliaft n>eomniende<l I 
Mr. Latham, and applied hy liini to sewers in several EngUi 
oharooti. cities witU excellent rcBoIts. As cliarcoal retains it« power c 
absorbing organic inipurities for a long time, and as tliU powc 
is self-renewing, the cliarcoal in the ventilating chimney of 
cesspool docs not need to be changed oftener than the cesspru; 
needs emptying. The next best arrangement is to les 
top open, like that of a cnrb well, bat I shonld not advise thi 
as it might prove a source of anxiety and, possibly, of dang 
where tliere arc children. Roofs and slicds shonM never dra 
' into a cesspool, nor ehonld storm water have access tti it T 
danger of overflow and backing up of the contents of th 
Bwkflow cesspool into the pipes should be avoided. 1 know of a hoiil 
uuiJd"™ in Orange, N. J., and have hoard of many otliera elsewhet 
"^"^ which suffers from this evil to an extent which renders i 
wholly nnfit for human habitation, altliongh usually occupifl 
by tenants paying large rentals. In the one case to wliich t 
attention was called, it is no uncommon thing for the kitchti 
sink to suddenly fill with dirty water forced back through ti 
pipes, sometimes by overflow and sometimes apparently 1 
atmospheric presenre. I did not liave an opportunity of stndj 
ing the causes of these phenomena as carefully as I wished, bi 
from even a partial examination of the system T learned soiO 
very interesting facts which greatly surprised mc. I fona 
that by opening the closet vah-e on the second floor and flud 
ing the closet abundantly, I could at any time half tilt 1 
bath tub Iwsidc it with greasy water of milky color, eviden 
from the cesspool. Aa this subsided, water of similar coI< 
and smell would rise a few Inches in the basins and sink o 
the first floor. The tenant of the house, who was unwillio 
to incnr any expense in the matter, said that emptying ti 
! only helped tJie matter for a few days, and that 



UBAUiAQE OF COUNTRY lIOrSES. 3(9 

recurred agsdn long before the cesepool was refilled. As 
the c«shpiiol was sealed tight and tlie pipe system was wholly 
iinveiitilutvd, it wae nut difficnit to ac<»jiuit for the phenomena 
ti.> iny own satisfaction. 

A very common method of drainage in some parts of the Btuidiii«ii 
Country consists in discharging the main waste into a blind 
ditch tilled with cobble stones and covered with earth. This 

Bopen to the Bamo objections us the leaching cesspool system. 
lese ditclies do not commonly fill up with water, but the 
terstices between the stones become choked with gi-ease and I 
Bolid filth, and long before the outflow of the house waeto is 1 
checked the gaseous proilueta of organic decomposition, i 
^^orined in great volume, work back tlirongh the pijies and 
^^■Bt their seals into the li\-ing and sleeping rooms of the honse. 
^Hp far as healthfulness is concerned, 1 would as soon carry a 
^^Wftking tube from my bedroom into a grave where some 
bixiy lay rotting as carry an unventiJated waste pijjc from ray 
wasli basin into such a suhterranean grave of decomposing filUi 
this. 

CoL Waring, from whoso writings I have l)eforo had occa- -n* inw™ 
to quote in this chapter, employs at Ogden Farm, New- ^^^fli7^ 
K. I., and has introduced in Lenox, Mass., and else- "'""'""' 
iro, a system of drainage which will be found to answer 
Imirably under favomble conditions. It may be described 
as follows; The house drainage is discharged into a Field 
flush tank, which will be described hereafter. This tank, 
Hllod, empties itself into a system of drain tiles laid 
open joints, consisting of one main 50 feet long and 
lateral drains G feet apaH and each about 20 feet long. 
These pipes arc laid from lo to 13 inches below the surface. 
Jn doKuribiiig the details and practical workings of this sys- 
1, Col. Waring says: "My suggestion is to use tliis »ys- 
nsanlly when there is no public water supply, with an 
of 2500 square feet for each honsehold. If there are ten 
ina in the family, there will bo an area of 250 square feet 
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for each. The character of the soil will have much to do with 
the process of purification, bat probably not mnch with its 
efficiency. Heavy clay soils exert in themselvea a stronger 
absorptive action than do porous soils, but porous soils are 
much more open to the admission of air, with its destructive 
oxygen. Naturally, the system will work best when the 
ground is not frozen, and during the season of vegetation we 
liave the further advantage, which I believe to he only a, sec- 




ondary one, that the products of deeom position aro taken ii]j 
by the roots of plants. If not so taken up they will be 
entirely dissipated. Let us suppose that a household of ten 

persons use 300 gallons of water per daj-, Tliis will give 3 
galloiiB of sewage to 25 square feet of ground, ' If there is no 
gravel stroak to lead tlie descending water of heavy rains to 
the well, until we reach a depth of only 6 feet we shall have 
150 cubic feet of earth to filter 3 gidlonr, of water per day." 
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■he flash tank, whieli forms an iinportnnt feature of this 
mtein, is a fielf-cTQjitying cesspool of email size, s]ir>wn iu 8utE- 
mt detail in the sectional drawing marked Fig. 29. 

. c}'lindrica] tank, A, has an opening in the top with a 
lovablo cover and grating, B, whereby acceae for cleansing "" 
purposes is given to the inside of tlie tank, but also acting as 
a trapped inlet for the flow from the sink pipe, which dla- 
over the grating, the tank being placed outride the 
mse, so that direct communication i>etween the drains and 
B interior is interrupted, completely preventing the entry of 
ml air. The top of the tank is also provided with a venti- 
king pipe, C, and a syphon pipe, D, the outer and lower 
inity dipping into a discharging trough, F, which consista 
i a small chamber fixed so that it can be turned round, with 
f object of setting its mouth In any direction that may be 
luisite to connect it with the outlet pipes G. A movable 
^vcr provides for access to the mouth of the syphon when 
iquisite. The position of the ventilating pipe C may obvi- 
lely bo varied according to convenience. 

The trapping of the inlet and the discharging power of the po 

Ktlet, are the two chief features of this apparatus which merit 

btention. As regards the former, it is to be noted that some 

msiderable difficulty was at first experienced, owing to the 

let trap becoming emptied inductively by the suction due to 

Be rapid discharge of water from the tank whenever (he syplion 

me into action. By means of the arrangement of trap and 

r pipe shown in the engraving, this difficulty has been entirely 

le. The hend of Ihe trap being located below the top 

E the tank, the suction, which could only arise when the level 

of the surface of the water had sunk as low as the top of the 

bond, is prevented by the supply of air from the air pipe. It 

will be observed that the inlet is doubly trapped, being water 

Hied by the flanges on the rim in addition to tbe bend of the 

FP- 

f As regards the action of tbe syphon, it may be remarked that Ac 
D bring an ordinary syphon into action it would he 



SB2 DRAINAr.E (IF COCNTBY flODSES. M 

that eiifHoient water sliould be run in rapidly to raise the level 
of the eurfaee in tlic tank above the top of tlie nyphoti heiid, so 
as to exi>el all the air qniekly, which wmild require a coitsfder- 
able vohime of water; and, on the other hand, in the catte of 
small dribblots of water flowing in at intervals when tlie tank is- 
fidl, thoy would 6ini])Iy trickle away over the lip of the Brphon^ 
and so the tank wonhl reiiiniu full and the sjphon coutinue la- 
Dericerorie- operative. Tt la Iiy the pecnllar eonel-motiou of tho diecliar^ 
mauoBcUoB. ing troHgh, which is a Bi>ecial and im|X)rtant feature of the 
tank, that aid is given to aMiat Hmall quantities of liquids ia 
bringing the syphon into action, instead of dribbling over ths 
syphon without chnrging it, as would otherwise happen, as ex- 
plained; and this is attained by checking the effln?! of flnid' 
from the syphon outlet by the agency of a peculiar arrange-' 
ment of weirs at the discharging orifice or mouth, time obviate 
DiKbBisiiig ing alt the difficulties. The mouth of tlie syphon pipe dip* 
into tJie discharging trough to the level of the top of the weii$ 
and the weir itself is provided with a notch, the object of wludb 
ia to prevent the partial or false action of the syphon, snch a 
would result if its mouth were entirely sealed when tlic flow o 
water is not adequate to fully charge tho ayphon. For. such i 
case the notch is so projjortioned — as determined practically by 
experiment — that very small quiintitics of water, which are in* 
sufficient to fully charge the syphon, may ran away through the 
notch without sealing the month of the syphon; whereas, oIC 
the other hand, an adequate charge, being more tlif.n will pas 
freely through the notch, aceumnlates behind the weir, sealing 
the syphon so as to generate its full action and initiate a com- 
plete discharge. So effectual is that action that a mere hand- 
bowlful of water or slops thrown down a sink and flowing ilitoi 
the tank when full, suffices to set the ayphon in o|M;ration, ThiB 
device for necuring an intermittent automatic sj-phon action i 
eingnlarly simple and effective. So soon as established, the coft 
tents of the tank are completely discharged with considerable 
flushing force, producing an efficient scour In the outlet drains 
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an idea of Ihe opDration of this system can best bo tiail-momitii 
mi d liuwTiptioii of its practical working, I further quotf"ni',J^' 
fnim Col. "Wariiif^, as tliat gentleman is entitled to the credit of '""^"^ 
introducing tlie liystcm into this counti-y and making the pru- 
lion accjuainted with its advantages. In aii acconnt of the 

of his own hoaKc, he says : 

Seven years ago la«t October, when I built my present 

I uppiiod this method there in the most thorough way, 

and liave boeu watching it witli great care witii a view to what 

I might Icaru from it from that titne to this. I do not hesitate 

to pronounce it attsolntely perfect. I am satistied that it affords 

relief which is open to every one who has even a little bit of 

und adjoining hJH Iioubo. I would say, by the bye, that I 

Wfl no water-closets in the establishment ; wo use earth closets 

!y; so that toy experiment haa not been complicated by 

lat element. At the same time there is no practical ditticulty; 

then- is no reason why that may not be taken care uf as well an 

the other. 

"Outside of my kitchen the waste pipe of the kitchen sink FiitorM»oa 

leliarges into a tlush tank — that is, a vessel holding about a mdi!"'"^'' 

rrul of water supplied with a syphon which conies into action 

automatically; it holds back all the How of the kitchen sink 

until it becomes entirely full ; then almost instantly— within 

^^^e or four minutes — it discliargos the whole of that volume, 

^Hnch in my case is about a barrel of water, rapidly into the 

^^Kia and drives or carries everything forward with it. The 

water from the batlis and the housemaid's sink and other things 

enter the drain further down. If they do deposit any small 

amount of matter, this (low, which occurs as often as two or 

three times a week, is sure to carry everything forward. Thia 

goes to a settling basin, which is very small, having a ea|>iicity 

only nf about 40 or 50 gallons, and which is simply for the 

purpose of restraining the grease which floats on the surface of 

ihe water and the solid matters which settle at the bottom, 

a overflow from the settling basin is through a pipe which opomuop 
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poinCa down below tlio surface, bo that whatever enters tl 
pipe [uust uuler it below the seum and above the deposit, a 
whatever is discharged from tliis eettling bafiiii is Ii<jiiid, an 
that li<jnid ia carried forward through u tiglit pipe a diftunco 
about -10 feet from my library window, and there it tunig an 
runs paraUel with the house for a distance of fiO feet. At u 
tervals of feet, leading from that like a gridiron, are dniins i 
ordinary agricnltunil tiles ; these drains whicli lead from it ai 
ten in number ; they are 30 feet long, loosely meeting togetlj< 
« at the euda with do cement; they lie 12 or 13 inches below th 
surface of the ground, which is, I am satislied, somewhat ti 
deep— 9 or 10 inches would be better. Whuucver that llnsi 
tank discharges, it flows into a settling basin and displaecs al 
equal (quantity of liquid matter from there, which 
driven forward and is suflicient to gorge these tiles from end I 
end ; the contents instantly begin oozing ont ac the joints, an 
the overflow in a very short tinm is dispersed into tlie grouDi 
The water of couree settles, for this must be on tolerably draine 
land; it would not do to try this on the surface of H ewam 
m which is saturated below. The water settles through the 
a. thus finding an ontlet, and the soil through which it 
filters out the foul matters. Immediately the water 
away fresh air enters from the surface ; and by the well-kno' 
concentrated oxidizing power of porous matters, whether pow 
dered charcoal, earth or whatever it may be, an entire docoE 
position is effected of this foreign matter, so much so that afti 
live years, there being from defective work an occasion to tak 
up a part of this t7.^tcm of drainage, I took up tlio whole an 
gave it a thorough examination, and in no place could you dt 
tect in the earth which lay adjacent to these tiles, in wHic 
they were immediately encompassed, either by appearance c 
odor, the slightest difference from oMinary ftesh-snielUng gta 
den mould. This has been going on, as I say, since sevcTi yeu 
ago last autumn, for a household of six persons, with rather 
copious use of water, and there has been no other raeas 
adopted. 
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' "lahonldnot, of couree, on my own single experiment, ventnre 
> recommend this, ii£ I have done freqiienllj, to tlie public as 
fting worthy of adoption. Ita use lias extended very much. I 
pplied it laet year to the eewoge of the whole viliupe of Lenox, t< 

MassachnsettB : and in England it is being adopted for 

be scwi^ of country houses far and wide, and is based on the 

iritioiple which ifl thought by many English engineers to prom- 

B the only relief that they can Inive from tlieir sewage. When 

:i describing this, the question which is almost universally 

rd is, What becomes of tlie solid matter and grease in the n 

ling basin 9 At first I used to have it taken out and bnried 

lout once in three months — dug a trench in the ground near 

', cleaned out the settling basin and bnried its contents in the 

Bnt once, only a week after cleaning it out, I had 

wion to empty it again for another purpose and found that 

8 as foul aa it had been after a longer interval. That was 

)oat three years ago. Since that time the settling basin has 

■ been opened except for inspection, and its condition 

binaina always the same. The explanation is perfectly simple : 

lie solid raatt«r at the bottom of the tank ie decomposable 

ntt«r and is constantly passing itself off in stdution in the 

fater that flows away ; and the matters which are decomposing 

3 very strong producers of ammonia, wliich acts upon the 

'under ade of the floor of grease and convert* that into soap. 

which in its time paeecs off." 

■ Having had three years' experience with this system, so fur n 

^^^b its essential details are concerned, in draining my own bouse, " 

^^■Lave no hesitation in expressing the opinion that under favor- 

^^Bble conditions it will work satisfactorily and he found an im- 

^^KDvement on any other system which can be contained within 

^^H^ restricted limits of a village lot or villa site. There seems 

^^^ he no rca6(>n why it should not work equally well on a larger 

scale, and in the case of Lenox I am informed that it does. 

English testimony is also strongly in its favor, and nowhere else 

8 it been tested with equal tborouglmess nor under bo great 
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a variety of conditions. When the conditions arc unfavorable of 
bouBeliolders aro unwilling to vcutnro even bo Kiinple «n experi- 
ment in sanitary euf^ineering, I should recouiuicnd the tight, 
woll-veitted cesspool already described. 

Wlicii there is no plumbing work in a lionse and no facilitien 
are needed except tlioae which afford a safe and convenient 
means of disposing of dish water and kitchen s1o}k, a cheap 
and simple device is a box tilled with absorbent earth. The 




function of this filtering tank is to remove from the waste w 
all matters which can readily be strained out and retain them 
in such shape as to admit of their subsequent utilization for fer^ 
tilizing purposes, I have generaltj found a tank 4 feet sqnnre 
amply eupacioiis. This gives us a cubic contents of 04 square 
feet. The shape of the tank ib not a matter nf great impor- 
tance, provided the bottom is bo inclined that all tlio water 
flowing into it shall find its way to the point at which an outlet 
is provided. The shape I prefer ia shown in Fig. 30, and whea 
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> i» made cftpccially for this nsc it might as well he of this 
fform as any utiipr. As will !« seen, the bottom lias the shape 
fof an iuverted pyramid, formed of four triangular pieces join- 
ling the straight sides. For convenience in emptying, one of Pw>«iaionror 
Ktho udes is made in two part^ united with hinges at tlie lino A. 
I'Tlie tank may bo set into the ground to tho lino A, which 
f liafi the advantage of bringing tho pipe 0, whicli carries off the 
filtered water, Ijplow tho deplh to which frost will penetrate 
the ground except in high northern localities or exceptionally 
^_.cold winters without snow. At the point of discharge, \i, whicli stmner. 
^HoB formed by nailing it collar of zinc to the bottom pieces, it ia 
^^LtreU to have some kind of strainer — either a perforated metal 
^Hldloet, a piece of wire doth, a block of soft peat or anything 
^^Ktliat will serve the purpose. A saliot of hay or straw will an- 
^y twer lis well as anything else. In tho bottom of the tank place stnw ii 
I a. quantity of broken straw, packing it tightly. On this throw '""' 
about 12 inches of dry, absorbent earth, leaf mould or any kind caotonw 
. of soil other than sand or clay. The tank is then ready to " 
»ivo so much of the drainage of the house as requires such 
^tmont. The pipe D is the waste from the kitchen sink, optnataet 
The outflow from this pipe is water more or less charged with 
[organic matter. The water passes through the tillering mate- 
ial in the tank, btit the grease, the bits of meat, the vegetable 
particles and all the solid or semi-solid constituents of the out- 
flow are retained in the tank. As often as may be necessary to 
prevent the escape of any offensivt; odor, or even the character- 
istic greasy smell which is usually noticeable in a kitchen drain, 
itrovr in more earth until tlie tank is full. In warm weather 
itle powdered gypsum (ground plaster) thrown in would be 
leful in absorbing and retaining the ammonia formed 
1 the decomposition of substances containing nitrogen. The xiMhan 
j&atters which come out of a kitchen through the sink waste are 
lot in themselves offensive or injurious. They only become so 
f decomposition, a process which does not commonly begin 
inder 24 to 48 hours. If kept covered with any dry, absorbent 
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I muterial, the prodiicte of dccompoBition arc all retained, and thi* 

P will coutiimc until tlie earth in tlio tank is etiturated aiul Boaaes 

[ to alisorb and deodorize the matter wliicli it holds, and then it 

' xncwu will recjuire renewing. How often it will need this depEitidH 
(K umk. ni>on eirenmstances. In the inBtances I have in niirnl in which 
this sjHteiii hafi given perfectly Eatisfactory re6iilt(>, the tutVt 
haro nut ruqnircd to be emptied and refilled oftcner than unoe 
I in two months. In one eafie four times ujeur was often euong]i. 

A layer of earth an inch tliick is commonly Bufficient to Uirow in 
at one time, and this may be done two or three timeis a veek 
in very warm weather when decompoBition goes on mpfdiy. 
With good management lees attention than this will Veep tlio 
nadiwDuw tank in good condition. The pipe C is common earthen tile, 
lorej wkter. A fcw fcet away from the tank and for the rest of itn length 
it may he laid with npcn joints. It may extend under a garden 
or lawn, or indeed anywhere. Water wJiieh flows into it leaks 
out at the joints or through the poi-es of tho pipe, is absorbod 
by tho soil and appropriated by vegetation. 
FanuoD Such a tank as I have described may be plaeed anywhen*. I 
' have never found any ohjcction to plaeing it against the foun- 
dation of the house, so that the kitchen sink wsato needed to be 
co»»r. only a few feet in length. To exelnde rain it retjutres some 
kind of light spreading cover, raised high enough above llic 
sides to give the fullest ventilation and permit free evaporation. 
Wlien full, one side is lowered and the coutouts are shoveled 
into a wheelbiUTOw and removed to tho compost heap, 
«ciaiitrr du- E.vporieiice has shown it to 1^ a great mistake to suppose that 
*»y"he!athr. isolation, witli good surroundings and plenty of fresh air out of 
doors, will insure good health. The failaey of this notion WM 
forced upon my attention during the summer of 1876, In tlie 
course of a ramble among the hills of Orange county, N. Y., I 
made the acquaintance of a farmer and his family who had 
lypticiiitte'rei' lately experienced a terrible visitation of typhoid fever. The 
uin top. farm occupied one of tho most beautiful locations I had ever 
seen. It lay ujiou a mountain top about 1440 fcet above the 
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aea and nome flOO feet ahovo tiie lafte in the valley. The view 
8 extensive in all direotiona ; tlio formation waa such aa to 
nre the boat natural drainage, and the winds from every 
ler of the heavens had full sweep over tho whole place. 
Jiy ono would have fixed upon this spot as a sanitary paraditso, 
^t the fuver bad found it, though there was not anotlier dwell- 
[ from which the seeds of contagion could by any chance 
lave been carried. Tho cause wa« not difficult to find, how- 
ever. My friend the farmer mado dairying hia principal 
bnsinoas. In the ham, almost immediately adjoining tho house, 
Bb wintered hia cattle, and an it was easier to carry water for 
^pe family than for the stock, he had sunk his well in the harn- 
Rrtrd. (Iradiially but snrely the sources of !iis water supply had 
been poisoned, and with all natural conditions favorable to 
health in a peculiar degree, he had in his ignorance brought 
►ou himself worse evils than he would probably have oncoun- 
red in the dirtiest neighborhood of the bad-smelling city, 
s folly bad cost hini a son stricken down in the full vigor of 
irly manhood, and left himself broken in constitution and 
xiver onfceblod by tho scourge which had brought him and 
p\\ otiiera of liis fatntly to death's door. 
People who leave convenient and comfortable city houses to seekimi 
lek pure air and healthful surroundings in the country, often mnnny? 
find that they have made a sad mistake. Fresh air and sunlight 
are certainly great purifiers and disinfectors, but these potent 
agencies will not pnrify our wells nor arrest decomposition. 
B absolute dependence often placed upon them in country 
tricts accounts for tlie fact that these districts, when fairly 
11 settled, are rarely free from epidemic diseases of one kind 
p another. It may seem like an extravagant statement, but I fniteeim 
'"n no hesitation in saying that were hygienic precautions as muuoohi 
morally neglected in New York city as in the country districts, outrun*. 
B columns of our daily newspapers at any season of the year 
1 read like chapters from De Foe's history of the London 

19 
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ifomttotor With every poesible facility for keeping in good health, thr 
reaidentB of country districts and of onr smaller towns have no* 
excuse for the fevers and other epidemic diseases which are 
so common nowadays, and which are so very generally caused 
by willful violations of hygienic laws. We can hardly imagine 
any reason why a farmer or the tenant of an isolated house in 
the country should ever see a case of typhoid. Yet typhoid 
fever is common, and people wonder at the Providence which 
robs them of their friends and children, and try to be resigned 
to the decrees of a higher power, when the cause is really to be 
found in their own disregard of the laws of health — ^laws of 
which no one has any right to be wholly ignorant in this age of 
enlightenment. 



CHAPTER XI. 

Water Sdpply in Cuctntht Disteictb. 

Id selecting a place of residence or a building Bito In the 

jountry, care should bo taken to eecuro an abundant supply of 

luro water. Other things iiro importaut and (should be given 

~dae weight, but the quality of the water supply upon which 

dependence inu»t be placed, is of prime iuiportiuice. It is poa- 

Bible to correct nearly all the evils prejudicial to health if tJie 

broper means are used, but we cannot find good water where 

t does not exist. To the neglect of this precaution we may, I 

Slink, attribute timch of the sickness in populous suburban dis- ! 

tricts snrroujiding our principal cities. No country bouse is 

desirable as a place of residence which does not at least have a 

good well or an unfailing spring of pure water near it, and in 

encli a position that it is free from all danger of contamination 

III by surface water flowing into it, or by impurities reaching its 

^^BMmrces through permeable strata of the soiL There Is a, great 

^^Boal of valuable literature on the subject of water which is 

^^bsily obtainable by those who seek it. In a work of this kind 

^^K is necessary to discuss the sabject somewhat briefly. 

^^B In judging of thequality of water and its fitness for drinking 

l^^^nd general domestic use, the principal points to be determined 
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1. Total solid residue. 

5. tlardness, temporary and pennanent, o 
8. Chlorine. 

4. Kitrogen In nitrates and nitrites. 
I 5. Ammonia and oi;ganic matter. 

6. Hetala. 

: The first is easily determined by evaporating a given qnan- «, 
Sty, Buy 3 ounces, on a water bath to dryness, and drying the 
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resiJue in an air bath at 2R0° Falir. Tlie total operation, ac- 
cording to Wanklyu and Cliupinaii, ru(|uiri^ abuui an liuur a.ud 
a quarter- 
By tliD liardncsA of water is meant the c]iiantity of etuip it 
will conBUmo la forming a lather. Although hard water is 
not uBiially considered unwholesome, it is quite uueuited for 
general domestic use. The qnalit/ of liardness results chiefly 
from the presence of lime and magnesia in the water. There 
are ecveral methods of determining hardness, tlie Bimplent of 
which consists in preparing an alcoholic Boap solution, of which 
a given quantity is just capable of netitndizing one gram of 
carbonate of lime. For the benefit of those who have acocm 
only to Troy weights and apothecaries' tlnid measures, I gi?e 
the following simple directions for determining the liardneca 
of water with United States weights and measures. Weigh out 
888 grains pure fused ehloride of calcium, made by dissolving 
calc spar in pure hydrochloric acid, and dissolve it in 32 fluid 
ounces of distilled water. Next prepare a solution of tiurd 
white soap in strong alcohol. Alter and add an equal volume of 
water. Take i fluid drachms of this solution, ajid place in a 
bottle with 4 fluid ounces of distilled water. The etandanl solu- 
tion of chloride of culciuin is added to this from a graduated 
pipette until on shaking the frothing stops. If more than 4 
drachms of the standard solution of chloride of calcium 10 
required, dilute the soap solution with just cnougli 40 percent 
alcohol to make 4 drachms of the lime solution neuttnliKc 4 
drachms of soap solution in the presence of 4 ounces of Water. 
In detemiining the liardncsg of a natural water, measure out 4 
ounces of the water and place in a glass stoppered hottle,_then 
add sufficient soap solution to produce on shaking u permanent 
lather. The mnnber of drachms of soap solution consumed will 
indicate the number of grains of carbonate of lime (or i(« equiv- 
alent of magnesia), in a United States gallon of 331 cubic 
inches, allowing 1 28 fluid ounces, or 1024 drachms, to the gallon. 
The detennination of the permanent hardness is made as 
above after boiling the water for an hour, distilled water boit^ 
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added to replace that whicli evaporates. The difference I)etween 
total and perinaDent hardness is equal to the temporary bard- 

[Jlilorine is nsufilly determined volumetricaHy, by means of a a 

I eolutiun of nitrate of silver, and roqnirea some skill 
I experience to insure accuracy. If 737 grains nitrate of 
■ be dissolved In 33 fluid ounces distilled water, 0'033 
mccs of the solution will precipitate O-OOIS grains of chlorine. 
About 0-0077 grains of neutral chroraate of potash in solution 
ia dissolved in a measured quantity of the water to be tested, 
and the standard silver solution added, drop by drop, until a 
penimnont red color is noticeable. Water which contains a 
}ATge amount of chlorine may have derived part of it from 
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itrates and nitrites are not easily determined, and no method mtnta 
in use would prove of any valuo to a person not a skilled "^'^'' 
chemist. The presence of even small quantities of nitrites is Ten t<n 
objectionnble, and for theso the following qualitative test will""*"" 
A very thin ])astc ia made of starch, and to tliis is 
a little solution of iodide of pota^iuin. Iodide of potas- 
is a solid, and the solution may be prepared by taking a 
very small piece, say half as large as a pea, and dissolving it in 
a tost tube two-thirds full of water. A gill of the water to be 
id is taken, and alwut five drops of dilute sulphuric acid 
lulded. The acid is previously diluted by mixing a little of 
Xh an equal weight of water in a beaker. A little of the 
If to be tested, thus acidified, is poured into the mixture of 
paste and iodide of potassium. If it turns blue, a nitrite 
iresent. Otherwise there are no nitrites in tlie water, 
itrates are thus detected : to a quarter of a gitl of the bus- 7^^1(0 
td waier in a Rmall beaker, add half a gill of pure con- "'^'** 
itrated sul]>)iiiric uciil, and warm the mixture on a sand bath 
al tlie temperature is 140° Fahr. Wliilo the mixture is still 
add a few drops of an extremely dilute indigo sohition. 
the color of the indigo disappears immediately, even on 
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repeated addition, a nitrate is present. The indigo may be 
purchased in solution, and should be ordered as sulphate of 
indigo solution. A very little of the liquid added to a pint of 
water gives the dilute solution, which should be used as above. 
AmmoBiA Ammonia and organic matter are especially objectionable in 
matter, potablc Water, and their quantitative determination is as im- 
The Nets- portaut as it is difBcult. The Nessler test is a very delicate one 
for ammonia, as it will detect one part of ammonia in 20,000,000 
parts of water. Ammonia may be concentrated by distillation, 
for if 67*0 fluid ounces of water be distilled, nearly all the am- 
monia contained in it will pass into the first 3*4: ounces of dis- 
tillate, thus rendering the test ten times more delicate than 
before. The Nessler reagent is made by dissolving 77*19 
grains iodide of potassium in a small quantity of hot distilled 
water, and adding to it, while on a water bath, a solution of 
corrosive sublimate until the red precipitate no longer dissolves ; 
filter and add 231*57 grains of solid caustic soda or 308*76 solid 
potash dissolved in water ; dilute to 33*8 ounces, and add 0*169 
ounces of saturated solution of corrosive sublimate ; allow to 
subside and decant the clear liquid. It gives a brown color 
with ammonia. 
Quantitative In using the Nessler test for quantitative determination, 
tion byNcM- 0*05 ouucc of tlic rcagcut is added to 3*4 ounces of the water 
lei-i method. ^^ |^^ examined, and the color observed. The same quantity of 
reagent is added to a given quantity of a standard solution of 
ammonia also diluted to 3*4 ounces, and the colors compared. 
The standard ammonia solution is made by dissolving 0*6 grain 
sulphate of ammonia, or 0*49 grain chloride of ammonium in 
33*8 ounces of water. 

The presence of any considerable quantity of ammonia is 

almost certain proof of sewage contamination, as urea is readily 

convertible into carbonate of ammonia. 

Tost for or- Ouc of the simplcst tests for organic matter in water is made 

* with permanganate of potash. This salt is remarkable for its 

great coloring power, a very small quantity producing a purplish 
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red color in a great quantity uf water. To perform the test, 
abont 3 grains of tlie ealt should be dissolved in one pint of pure 
water. A very pure water can be obtained hy niultiug ice. 
About one pint of the water to be examined, not conceittratcil, 
should be introduced into a colorless glass beaker, and 5 draclmia 
of dilute sulphuric acid added, TLe acid should be bo diluted 
as to <rnn£igt uf one part acid and live parts water, by measure. 
The jiernianganate should then be added, a few drops at a time. 
If organic matter is present, the colored solution of the per- 
manganate of potash will be decolorized as soon as it touches tlio 

iter, aud a brown deposit will slowly settle to the bottom, 
continuing to add the colored solution until it is no longer 
dacolorized, Wo can form some idea of the amount of organic 
mutter iu the water. 

If water examined for organic matter be allowed to stand for vam 
a day. a sediment will often settle to the bottom. If a portion crw, 
of this sediment be dried and bunit in a porcelain dish over a 
spirit lamp, it will smelt bad if there is animal organic matter 
present. It will turn black if there is organic matter of any 
kind present. This of course sliows organic matter in a state 
iif suspension in tlic water. The permanganate test must be 
resorted to to discover organic matter in solution. 

A very simple test for organic matter in water consista inyhei 
dissolving therein a small quantity of white sugar. In a few J^ 
days if sewage, urine, albumen or any other organic impuriry 
be present, tlie water becomes white and milky from the devel- 
opment of certain fungoid growths. Prof. FranklaTid, F. R. S., 
presented a paper on tbis suliject to the Chemical Society of 
Ix)ndDn, as long ago as Feb. 2, 1S71. In this paper he ad- 
vanced the theory that these germs are everywhere present in 
the atmosphere, but that they cannot develop in tlio sugar solu- 
tion Without the presence of phosphoric acid or some compound 
<if pbospborus. The following comparative tests were recently 
made in this city to determine the value of Prof, Frankland's 
■oggfis'^'tn' in a practical way ; Four 8-ounee bottles were filled 
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Experiments with Water, and to each wbb added 15*44 grains of powdered 
■edimen? sugar The first of these solutions, which contained boiling 
distilled water and no air, remained unchanged during the 
whole experiment, lasting 50 days. No. 2, which contained 
Croton water and a little air, began to exhibit a white sediment 
in nine days, which seemed to adhere to the bottom of the 
bottle. In two days the third solution, to which had been 
added 0*17 ounces urine (or about 2 per cent.), had a milky 
look ; in three days a heavy froth on top, and in eleven days 
was perfectly opaque and contained small white flakes ; at the 
end of a month still heavier deposit and cloudy ; in 50 days 
less opaque, heavy sediment. To the fourth solution was added 
0*17 ounces of a solution of phosphate of soda. The changes 
were more marked than in Croton alone, but far less than in 
tliat containing urine, showing that some other ingredient than 
pliosphorus aids in producing the change. Neither 2 nor 4 were 
opaque at the end of 50 days unless shaken to diflFuse the heavy 
sediments in them. 

Atrwseof or- A trace of organic matter does not necessarily disqualify 

ganlo matter ® ^ *f i *f 

notnecossari- watcr for general use. The following table shows the number 

Ij dangerous. - . - . . <, t j . p 

of grains of organic matter in the water supplied to some of 
our American cities. The insignificance of the quantity will 
better appear if we bear in mind the fact that a gallon contains 
70,000 grains of water : 

New York (Croton) 1-97 

Brooklyn (Ridgwood) 1*43 

Boston (Cochituatc) 1-22 

PhiJadelphia (Fairmouiit, Schuylkill) 2-06 

Albany (from the hydrant) 3*96 

Percentage of "^ ^ */ / 

organlcmat- Troy " " 2*30 

(er In waters - ^ - 

supplied to Utica " '' 1'64 

Syracuse (New Reservoir) 3-08 

Cleveland (Lake Erie) 2*62 

Chicago (Lake Michigan) 1*81 

Rochester (Genesee River) 2*12 
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Schenectady (State street well) 4-00 

Newark, Jersey City, HoLoken, Kudaon City (Pas- 
saic River) 4'90 

Tninton (Delaware River) 0-95 

f the inctule, lead and zinc are the most dangerous and the luui*. 
Mt frequent. Aa directions for the determination of the 
riouB metallic salts are given in a previous chapter, tliey need 
t be ropt'utt'J here, 
i^ Borne natural waters contain sulphuretted hydrogen acid, BoiphnMtw. 
kich is easily detected by smell, and by its action on bright 
miver coin or on paper dipped in acetate of lead solntion. 

Carlmnic acid may be present either in a free state or com- cirbonicKi 

biocd with lime and magiieiiia, for bicurhonatcs. In either 

COM) it IS expelled by boiling. To ascertain whether any of the 

carbouic acid is in a free state a strip of turmeric paper is cm- 

■.ployed, together with a freshly prepared solution of clear limo 

If the addition of a single drop of lime water to the 

top to be tested causes it to turn the turmeric paper 

) frue carbonic acid is present. If it is necessary to 

i several drops of the limo water before this action takes 

1, the quantity of free acid is quite large. Dr. Von Petten- 

kofer also employs for this purpooc rosolic acid. Free carbonic 

acid is seldomif ever present in tlie waters of limestone regions. 

The sanitary condition of water employed for domestic pur- dihoi 

I is, says M. Gorardin, intimately related to the presence 

f slMenco of dissolved oxygen, and the proportion of this gas 

sent and dissolved determines the hygienic state of the water. 

ifortunately, the quantitative detcnnination of dissolved 

^gcn is Tcry difUcult. The French chemist just mentioned 

iploys for this purpose hydrosnlphito of soda; Pntf. Wurts 

Inploys a solution of pyrogallino acidified with hj'drochlorio 

Gcrardin has discovered that when water retains a nor- 

l proportion of dissolved oxygen, the lives of fish and green 

lats are preserved. As the oxygen dirainiabes, those animals 

iob have the most active respiration first disappear, and sub- 
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sequently those of lower respirative powers; and he conclndes 
that organic matters in a state of decomposition deprive water 
of its dissolved oxygen, and consequently render it impossible 
for cither plants or animals of superior organization to live in it 
Anuttenrwa- A persou with uo knowledge of chemistry cannot commonly, 
if ever, be trusted to determine the potability of water, or 
judge of the comparative excellence of two or more kinds of 
water, provided they do not contain impurities which are 
Deoeptire plainly palpable to the senses. There is a great deal of differ- 
ifluc». ence in the color and taste of potable waters, and one not an 
expert in judging of water might be misled in many instances 
— especially as some of the most dangerous impurities occurring 
in natural waters are less readily detected than those which, 
though harmless, noticeably aflEect their color and taste. I have 
seen and drank very wholesome and satisfactory water — notably 
that drawn from the juniper swamps of Virginia — which one 
not accustomed to would hesitate to taste; I have also seen 
water drawn from deep wells, cool, clear and sparkling, which 
was the means of poisoning many people — some of them fatally 
— and which no one could drink with impunity. The notion 
that taste and smell can be relied upon as sure indications of 
the quality of water is a dangerous error. In 18GG an epidemic 
of cholera was caused in London by the use of impure water 
from wells poisoned by foul liquids permeating the soil ; and 
yet we have it on the authority of Dr. Letterby and other emi- 
nent sanitarians and chemists, that many of these wells "yielded 
cool, bright and clear water." In the sixth report of the Rivers 
Pollution Commission it is asserted that samples of water taken 
from London wells consisted almost wholly of soakage from 
sewers and cesspools, and that some of them actually possessed 
a manure value one hundred and fifty per cent, greater than 
that of an equal volume of London sewage. Many of these 
polluted wells enjoyed a high reputation, and water drawn from 
them was considered better than that furnished by the water 
companies. 
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^l For these reasons it is owmmOTilj' advisable, though not always Aanat>s« 
fcTneecssary, for those solocliiig eoiircusof permanent water supply mjiamui. 
in the coimtrj' to refer tlie qucation to a cliomist experionced in 
Hatvr analysis. A qualitative analysis will usually answer, and 
,^ the small expense attending the employnient of a cheuiist for 
9 piir[X)se will be found a good inveetiiiDiit. 

The sources of water supply in country districts are wells, soiim« of 
Liige, and, occasionally, poud^ and running streains. Kain 
6 also a dependence for many uses on account of its soft- 
Of these sereral sources of supply, wulls arc given a de- 
cided preference in this country. A well ia a shaft by which w«iik 
we reach the water-bearing stratum, the depth depending upon 
_ tlu! formation through which it is sunk. They are of thrco 
^■Unds — ^tUose which are dng, those which are bored (eouimonly 
HVtDcd arteaiau wells), and those which are made by forcing a 
tnbe into the ground (conmtonly called drive or driven wells). 
These will be considered separately and at such length as the 
scope of this chapter may warrant. 
^^ The common open well, excavated by digging, dates its origin upea wbuj. 
^B|ck to the remotest antiquity. Some of tiie oldest wells in the nomukaua 
world are among the most remarkable, extending to a great 
'l:-pth thrODgh solid rock, with winding pathways, also 
bcwri in rock, descending to the water level. In some instances 
tiiuso pathways arc so wide and so easy In their descent that one 
injiy ride down to the water on horseback. Joseph's well, at joaopVj wou. 
Caira, Eg^'pt, is 297 feet deep; Jacob's well, near Sychar, jamb-i <rau. 
formerly known as Sliechom, on the road to Jerusalem, ia lOfi 
fed deep. We have many wells much deeper than these, but 
none so remarkable when we consider the primitive character 
f the tools employed in digging them, the nature of the strata 
roagli which they pass, and the fact that the ancients had no 
plosive agents for blasting. 

B the work of well digging is commonly performed by men woii mgftnc 
bially skilled in the art, ami as the methods and tools em- 
Kpwyed are of tittle interest to the general reader, I shall limit 
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my remarks to a few snggBstione respecting the location : 
care of wells. 

▼■MT-tKAT- In most lucalitiefi (l(«irabl(i for residence, and in many wlii( 
aru not, water can iifiiially Ijo wbtainiid witliin iv4ii!>oiinblu di 
tunco of the enrface. It is not commonly necoseary to go moi 
than 20 or 30 icot to reach a water-bearing stratum. In excs 
tional inetanccs, as iu cases where welb are sunk in gmrel 
knoils or in otiier positions whore the local formation is wat 
an to bring tlie wator-bearing stratum further from the eurfao 
it 18 nceeseary to go deeper. Under these circumstances we! 
i^BMion are sometimes as much as 80 feet in deptli. In selecting a 

for a well we must remember the fact that a hole In the grouw 
ior whatever purpose made, is very liable to beeoiije undi 
ordinary oircuni stances a receptacle fur snrfaee drainage, i 
well as a ceaepol for other matters which find tlieir way froi 

BowwBot the surface down through permeable strata. For this reawj 

DMion. wells should t>o as far as possible removed from ham-yanj 

nuick-hcapa, privies, ccsepools and other possible sonrces of c« 

iKtiinotm contamination. The idea that simple filtration throush i 

good Bltor. ^ 

will free water from organic impurities and rob it of oil hurtf 
properties, is clearly erroneous. Adequate filtration will do tj 
for a time, but the fissures and veins through nhicJi snrfni 
water makes its way down to the strata from which wells i 
supplied, may become eo filled with impurities that tliey wonl 
poison pure water passing through tlicm. It is not unusual ft 
wells to become suddenly affected from causes which liave b 
operating without ap|>arent effect for years, and the gerras ( 
disease are thus often taken into the systeni under circui 
oiBuuo stances which excite no suspicion. DecompoBing organic ml 
ter of any kind, and especially animal excrement, is the gn 
source of danger, and when such matter is allowed to accun 
lute in the neighborhood of wells npon the surface of any t 
the most exceptionally impervious soils, we may be very cert 
that sooner or later it will render the water impure and ni 
Local looiea wliolesonie, if not positively fatal. It is not uncommon, bo< 
nMioD. ever, to find wells in light sandy or gravelly soil in close pro 
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piity to privy vaults, cesspools and barnyards. Thoy are, aa 

9 rule, lined with loose stonea wliiclj afford Biirfacc water free 

sa, and are often, eBpocially in tirneB of heavy rain or wlien 

i winter snows are tliawing, receptacles for water charged 

I all iiiauaiii' of impnrities scoiii'ed from t)ic Burface. I 

e seen instances in which a well, barn-yard, garbage heap, a 

Tioas cesspool receiving the liqnid refuse of tlie house,.a 

privy, a house and a well-inaniired garden, were all to be fonnd 

within tliu limits of a plot 50 by 150 feet, and in soil so light 

that only iifter heavy and long-continued rain would any water 

be foiiml standing on the surface. Under siicli circumstiincee 

it is scarcely possible for the water in a well to be fit for use. 

ft calling attention to a dangerous proximity of well and privy, 

Bspool, I have usually found pt-ople unwilling to believe 

i any hartn eonid resnit tlierefrorn— or indeed from any 

ler Buurcu of surface contamination provided tlio earth was 

pked np {{ or S inches around tlic curb. 

1 villages and towns where the dwellings are close together weminTi 

i wells are nfit-essarily in close proximity to houses and out- lowiJ!" 

pdings, tlio danger of water poisoning is imminent at all 

ites. That sacli villages and towns are eoninionly healthy 

places of residence in this country would prove nothing if true. 

In Great Britain some of the mosi fatal cpidcTnics of typhoid Epidrmiis 

fever liavo occurred in such towns, and the same is true in this 

country. As the rule our towns and villages have outgrown 

the eiiiiplo methods and appliances that provided adequate 

drainage for the few comparatively isolated houses forming tlio 

nuclei around wbicb they have gathered. Localities which were Maiafj. 

^aonspiwioualy licaltby half a century ago, and which for that 

^^^n^ reason attracted population, arc now scourged with mala- 

^^H and not a few of those who can do so ai-e removing to the 

^^Rtee to regain lo5t Iiralth. There is probably not a village or 

settlement within 4il inrlcs of New York in any direction that 

is freu fron; malarious diseases of local origin. There may bo 

particular neighborhoods to which these remarks do not apply, 
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and which, from natural advantages of location, with good 
drainage and abundant water supply, have the means of keep- 
ing licalthy ; but most of the country which has afforded ac- 
commodation to the population crowded out of New York by 
liigh rents and the insuflBciency of home accommodations within 
its limits is not healthy, and cannot under existing conditions 
Defldentand cxpcct to bc. In a majority of cases defective and insufficient 

InsufBclent 

drainage, drainage, with its attendant and almost inseparable evil of 
water poisoning, is at the root of the whole trouble. In but few 
instances have attempts been made to deal with these evils by 
measures of sanitary reform. Each house lias within the little 
inclosure it occupies its own source of water supply and its own 
sewer — ^the fonner a well and the latter a leaching cesspool. 
Even when the true nature of the evils undermining the public 
health is understood and appreciated, it is not always possible to 
Unpopularity remedy them. It is easy to levy a tax for such improvements 

•of public Ban> 

itary works, as stonc sldcwalks and road macadamizing, but a tax for drain- 
ing a village and supplying it with water finds few advocates, 
even amonor those wliose families have suffered most from dis- 
eases which such reforms would forever banish from the ncigh- 
Typhoid fever borliood. It is a well-cstablislied fact that since the introdnc- 

In cities and , , i • i i 

country dis- tion of aqucduct water mto large cities, typhoid and many 
' other fevers, resulting among other causes from water poison- 
ing, have become more common in the country than in cities. 
This I have no doubt is attributable to the poisons taken into 
the system in well water contaminated with organic matter. 
Instances of sucli contamination which have given rise to 
Poisons In zyinotic discascs are numerous and well authenticated. Tlie 

well waters. r i» i • • n • r 

slimy matter often found covering stones m wells is a true fun- 
goid growth, and is an active blood poison when taken into the 
system. In wells polluted by sewage these fungoid or confer- 
void growths arc, I believe, always found. 

Tlie danger of impure water is a subject to which public at- 
tention cannot be too often nor too forcibly called, and I regret 
that the scope and purpose of this volume prevents tlie collar 
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1 an<i preeentittioti of tlie mass of exact and unqucstioaablo 
«vi(lGticu wtiich cstabltshtis tlie fact tliat water poieoQing is a 
fruitful cause of diacaso and death. Whtro wulla are neces- 
irilv depended upon, llie only means of protecting tliera from 
tntamiuatiuri which admit of general upplicatiun are, I believe, 
nose Buggeetcd m the preceding cliapter. 

f There ehould bo no permanent woodwork inside a well It woodwort 
I and fiUelters various forinR of animal life, and 1>y its 
Jay, which is likely to be rapid, it may give rise to unwhole- 
me conditions affecting the character of the water. It is also oaibu* 
lelrable that the enrbing should be of stone or brick, and it is 
Bways a good plan to cover open wells with low, wide-spread- oonrt. 
g roofs of steep pitcli, supported on corner posts and inclosed 
1 three sides with lattice work. Such roofs, if kept clean and 
1 good repair, will be useful in excluding dust, leaves and 
her mutters likely to affect the quality of the water. Any- cto»«in« 
Ung falling into & well should be fished out at once, and all 
13113 should be cleaned as often as may !>e necessary. Some 
wells foul more mpidly than others, especially tho.so siiaded by 
overhanging trees which drop rain and shed leaves into tliem. 
Tlie condition of the sides and bottom of an open well can 
always be dotormined on a bright day by reflecting tlie sunlight 
in to it with a mirror. 

1 the diameter of the formation is such that good water ^ft«i«« 
ipnot be reached by open wells of eonvenient depth, recourse 
Boommonly liad to the boring of wliat are known as artesian 
tAls. These, tliough costly, are often of great advantage in 
ieuring an abundant supply of water in localities where it can- 
e had at or near tho surface. Many wells of this kind 
! been bored in this country within the past few years, 
e of them to a great deptli, and the proportion that have 
1 to give an abundant and unfailing supply of water is not 

The objections to arteeian wells are their great cost and rnrortiio™ 
I uncertainty of striking water of the right kind. At thcbonm. 
e of this writing tliwrc Js an artesian well at Kuading, Pa,, 
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2000 feet deep, costing $22,000, which contains 47 grains Ep- 
som salts to the gallon. An artesian well at Fifth and Cherry 
streets, Philadelphia, containing 116 grains of foreign matter to 
the gallon, can only be Osed to condense stoam for the boiler. 
An artesian well in South street, Philadelphia, furnishes water 
not lit for steam. In the suburbs of the same city there are 
two artesian wells, each 100 feet deep, but the water of both is 
so impure that it can only be used for condensing. The water of 
the well at the Continental Hotel is not pure. At Louisville 
there is a well 1649 feet deep, one in St. Louis 2080 feet deep, 
one in South Bend and one in Terre Haute, but the water of 
them all is impregnated with minerals and lit only for medici- 
nal uses. At Atlantic City a number of wells have been bored 
in the hope of getting pure water, but not one yields water fit 
for household use.* Instances have been known where the 
sinking of a second artesian well near one which was yielding 
an abundant supply of water, has not only proved a failure, but 
has for some cause spoiled the first success. Such accidents, 
raTorabio liowcvcr, are exceptional. The rocks of the paleozoic series 

conditions. i . i i • i i /> 

extend in nearly horizontal strata over the greater part oi 
North America, and the geological structure of the continent is 
thus particularly favorable to the general employment of arte- 

Bxpense slaii wclls as sourccs of water supply. As the boring of these 
^ wells is a special industry, practiced by few and commonly un- 
der the direction of engineers, they are beyond the means of 
most individuals residing in suburban or rural districts. This 
would not be the cjise, however, were such wells common 

weiiflin enough to encourage an active competition for orders. In the 
* province of the Artois, France, from which these wells are 
named, the use of boring tools has been pnicliced for several 
centuries, and although the apparatus employed is of the sim- 
plest and rudest kind, such wells are to be found beside the 
door of nearly every cottage. 

* Tho statements made in the few preceding Unes respecting artesian weUs 
are based upon information gathered during the winter of 1875. 
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I The artesian well seems to afford, in many instances, the only sp«iaimii 
olntion of tlie problem of supplying with water small towns weiu. 
which, tliongh not large enough to justify the expense of pub- 
lic water works, are too crowded f« render open wells extend- 
ing only to the first water-bearing stratnra a safe dependence, 
Snch wells, as has been already shown, are continually liable to 
become contaniiuated hy surface water, by house drainage and 



often impossible, for to^'n and village authorities to find within 
^gmeticablo distances sufficient supplies of water of suitable 
^bality for liome service so eitnated as to bi^ available. In too 
^Bjuiy infttanees the water question has been decided without 
^Ke consideration, and, as a consequence, many of our towns 
^■b supplied with water which the sanitarian cannot but regard 
^■tli SRBpieioii and disfavor. 

^KA cheap modification of the artesian well is the drive well, Dnnneisa 
^BvJo by driving into the ground ii metal tube perforated iit 
^Be end and anned with a sbarp point. Tliese wells liave be- 
^Bmc very popular in tliis country and are used to a considora- 
^Bb extent abroad, and they possess certain important advan- 
^H|||os over the old form of open well. The principal objection oaiTmuoii 
^B wolia of this class is found in the general nso of galvanized 
^Kn tubes. No important advantage is gained by coating a 
^ne with zinc which cannot be better secured by other and 
^Ker methods of protecting the iron against rapid oxidation. 
^Bie groat murit of the drive, or driven, weU consists in thi.' jidnntt^a 
^He and rapidity with which it may be sunk. In light, open 
^BU, half an hour usually suffices to strike water and have a 
^Kmp going. These M'elle average in depth with the usual form 
^m open wells. They are easily protected a^inst direct conlami- 
^Kion by the inflow of unfiltered surface water, but are as 
^Kble aa open wells to lie rendered unwholesome by organic im- 
^■triticB which penetrate the soil and find access to their sources. 
^Vln many parts of the country it is possible to obtain from spru^ 
Bb ringB a sufficient water supply without the trouble and 
■T 20 
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expense of digging deep wells. ^Vllcn nnfsiliug epringa ol 
>good water are at hand, ootliing more is to be desired, 
does not follow, however, thut because tlie water in a eprtng 
clenrand cold and free from any nnpk-iii^nt taste, it is lit foi 
drinking aiid lioueehold use. As ulretuly etaled, nianv dangui 
ouB impurities are not apparent to the eenses, udIces, poaibly-j 
under the niicroecepe. As springs are alt<^etlier fed h] 
water wliiob lias fallen upon the eurface, and as rhu parity uf 
the water they contain depends \ipon the filtrativc pow 
the 8\iperlicial strata through which it parses, it iii extreineljr 
liable to become contaminated if its course lies through anj 
1 impurities. In its passage through tlie lower stmts of tJii 
I. atmosphere, water disehai^gcd from the clouds as rain abrorh 
oxygen, nitrogen and csrhouic acid (the amount avemgin( 
about 6-1)3 cubic inches to the gallon), divided ahont as follows 
Nitrogen, fi-l per cent. ; osygen, 34 per cent, ; carhoiiio acid, i 
per Cent. It is also customary', especially in populous districti 
and near cities and large towns, to find a trace of ainmooia 
which is commonly combined with nitric, Eiilpliurio or <?iirbonii 
acid. These dissolved gases are nsually held by water in iti 
parage through the earth to tbo res^rvoire whence springs art 
fed, and others are taken up, as well as various soluble mil 
impurities, from the earth itself. Tlie percentage of dissolve 
gases is from two to live times greater in spring water than it 
rain water, those of most eonmion occurrence in the fonnoi 
being oxygen, nitrogen, carbureted hydrogen, sulphuretted 
liydrogen and carbonic acid. The mineral impurities tAkei 
up by spring waters arc so numerous, and differ so wideh 
under different circumstances, that it is diSicnlt to make thi 
- list complete. The minerals of most fi-eqnent occurrence ar 
slime, magnesia, potasli, scxla, iron and manganese. These ar 
usually found as sulphides or chlorides. To what extent thi 
quality of the water, as regards its fitness for domestic ase, i 
affected by these impurities, depends upon cireumstanocM 
Wliat has already been said in preceding pages regarding wite 
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ftlTBis is probably siifBcient for the non-profegaionai reader, 
merally gpeakUig, good springs will yield soft, clear water, chuadiMu- 
! from vifiible iitipuriUes and pleasant to tUa taste. The ipriBg waian 
r of the water can be determined by the metbuds 
ready deaerilied. 
ftAVhen i^pring water is naed for house service or for drinking, itBtw^at 
B important that the spring from which it is drawn siiould* 
r frecjuontly and carefully looked after. It should be kept 
»n and free from rank vegetation, and pi-otected against 
atainination l>y water which has not been filtered through 
the Boil. Cattle and liorsts should not be allowed to trample 
the soil about it, or they will l^e verj' sure to iwlhite it. In 
^yttUor words, the spring sljould be as well taken care of in its 
^■■^ aa tbo water pitcher which comes to the tabic. I know a ne^iMUd 
^^B instance iu which a family of refined tastes were for yeara* 
^^Bntcnt to draw all tlie water they used for drinking and cook- 
^Hp Avm a spring choked »-ith rank weeds and moBse.«, full of 
^^Bptile life, and lying iu the middle of a foul mud-bed, kept gi>ft 
by tlio constant tramping of horses and cattle which wure 
allowed free access to it. They had apjiarently never given the inaiitoreno. 
condition of the spring a minute's thonglit, and even when itadu*^*" 
bad condition was discovered by a sanitary inspection of the 
prenii-ses which followed the outbreak of diphtheria among the 

Kdren of the family, it wua difficult to make them under- 
d the necessity for reform. 
That I have said of springs applies in a general way to Ponrtn, 
ponds, nmning streams and all other available sourees of water 
supply for country bouses. In the case of streams and of 
londs fed by streams, it is important to trace them to their 

If a stream flows through swamps or low-lying pas- aowii»»mi 
9 landa, or receives the drainage of swamps, stagnant pools*" 
dwellings, it is fair to assume tliat safer and purer water can 
^h»d by digging or boring. If the supply is drawn from a cianim 
nd, It mnst be kept clean and free frem accumnlations of 
ten leaves, decaying wood, organic impurities, Ac. When 
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the importance of pure water is better understood and appre- 
ciated by the public, and proper means are taken to secure it by 
all who are able to do so, there is reason to believe that the 
death rate in country districts will show a marked falling off 
from present averages. 
Expedients It is sonictimes impossible for the temporary resident in a 

for the pari- , , . , 

flcation of country house to obtain satisfactory drinking water. Even 

* though he knows what should be done to secure a supply of 

good water, he cannot always apply his knowledge in carrying 

out necessary reforms, and must perforce take things as he finds 

them. In such cases he can usually neutralize the more dan- 

DMgerofim-gerous impurities if he will take the trouble to do so. The 

pure water. *^ , . i i. . i 

dangers attendmg tiie use of impure water are so great, how- 
ever, that it is scarcely safe to give the information. I 
would impress it upon the mind of the reader that methods 
of rendering impure water fit for drinking should only be 
Uncertainty Tcsorted to in casc of cxtrcmc emergency. In all other cases 
tion. total abstinence is the best and indeed the only safeguard, as 
iioiie of the methods which can be employed for rendering it 
. * leas dangerous can be absolutely depended upon. 

Methods, rpj^^ means by which water is purified and rendered potable 
may be briefly summarized as follows : 

Filtration through charcoal or iron sponge. 
Oxidation of organic matter by permanganate of potash. 
Precipitation of organic matter with sulphate of iron or 
alum. 

Destruction of organic germs by boiling, 
chorccid In all cases of suspected impurity the filter should come into 

niters. ^ 1 

use, for fresh charcoal possesses a remarkable power of arrest- 
ing and retaining not only suspended, but even dissolved 
metals and salts. A good charcoal filter, for use on a large 
scale, is made of bone-black ground to a fine powder and 
mixed with Norway tar and other combustible materials, also 
in a fine powder. The mass is kneaded into a plastic condition 
with liquid pitch, moulded into blocks and exposed to a great 
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"if-at- This prodncrcs a very porous block, the pores do not bo 
->if»ii becnme clogged, and al! the water comes in contact with 
the fiharcoal. Tlie value of iron as a purifying agent has been 
mentioned in a previous chapter. Iron epougc, when used usi 
a tilter, vcnderB important service in oxidizing organic impuri- 
ties, but it is dissolved slowly and carried away in the form of 
a solnhle carbonate i hence it must be followed by another 
r to hold tliis back — say one of marble dnst, 
or the partial paritication of water on a small scale the 
convenient agent is, probably, permanganate of ]>ota8li. ' 
This should be added until a faint pinlc tint is Been in the 
water. Time is then allowed for visible impurities to settle 
and the water ib decanted for use. This has been recom- 
mended as a certain method of freeing water from organic 
iiupnrities, init it ia by no means a 6ure dependence. Accord- 
ing to Henri do Parville, animalcule remain in full life and! 
vigor in water to which permanganate of potash has been added 
in large proportion. Hence, too much dependence should not 
placed upon it. 

'or the purification of water on a large scale tlie neutral 
►hate of peroxide oi iron may be used with good resnll^. , 
proportion in which this solution is to be added to the 
t is determined by the degree of impurity to be removed ; 
the proportions suitable must therefore be determined by 
ifnl experiment, practiced from time to time if the impurity 
10 water is found to vary. The water to bo purified may 
'un into A tank or reservoir, and the solution of neutral buI- 
added as it runs in. bo that it may be well mixed with 
water. A short time after the neutral sulpUate is added to 
the water it Incomes decomposed, and forms, with some of 
the impurities contained in the water, a basic salt which is 
insoluble in water. The solid and insoluble particles of this 
new salt are precipitated, and, together with the impurities 
contained in the water, form a sedimentary deposit, from 
ijjich the purified water may be allowed to run off, leaving 
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the deposit in the tank or reservoir. A repetition of this pre- 
cipitating process on other bodies of water which may be run 
into the same tank or reservoir, will cause additional deposits, 
which, when allowed to accumulate to a sufficient depth, 
may be collected and removed from the reservoir from time to 
time. 
Bouing. Whether the boiling of water is efficacious as a means of 
destroying animal and vegetable organisms and their germs, has 
been much discussed among those claiming to be authorities on 
the subject. It is enough to say tliat there is no diflEerence 
of opinion as to its being the best and surest way at this 
time known of effecting the purification of water containing 

DMtractioxi Organic matter. Animalcules are not salamanders, and after we 
have destroyed their life we can, if we like, complete the pro- 
cess by cremating their corpses with permanganate of potash, 
precipitate them with alum or iron, or strain them out with a 
charcoal filter. 
Restoring After Water has been boiled it should be cooled for 24 hours 
boued water, or longcf in a cold cellar, to restore its "freshness" and 
remove the " flat " taste. It is impossible, however, to make 
it as agreeable to the palate as water which has never been 

Why boiled l)oiled. The reason for this is tliat boiling has expelled all the 

water is ... . ' , 

"flat.'* free carbonic acid, besides decomposing the l)icarbonates of 

the alkalies and alkaline earths, leaving the nionocarbonates 

Unpleasant belli nd. Another reason for the disagreeable taste which 

taste and 

smell, often belongs to boiled water is found in the fact that some 
of the organic matter is decomposed, partly by heat and partly 
under the influence of the carbonated alkalies, giving rise to 
compounds of unpleasant taste and smell. When the charac- 
ter of the organic impurities is such that they make the water 
disagreeable, it is probable that the difficulty will be reme- 
died by adding an acid before boilinr. To restore the free car- 
bonic acid and render the water " lively," bicarbonate of soda 
may be employed, 
citric acid. The bcst acids to employ are probably citric and hydro- 
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If tlie former U usqJ, care mnst bu taken not to enb- 
iqnently add enough bicarbonutc of soda to make the water 
central to test paper, as thnt would prevent any appreciable 
nprovement in the flavor. Tiie taste in a aifc guide. Enongh 
wid ia added to give tlie water a ehurp and unpleasantly 
wur taste ; the water ia then boiled, aiid after cooling neuCra!- 
iiced until the unpluasant acidity bas given place to the refrcsh- 
5 taste of the ucJd ealta. When hydrochloric acid is used, 
) than 5$ grains to the gallon is amply sufficient, but it is 
E great importauce that it should he free from tballluni and imp" 
lenie, nitric acid, chlorine and sulphurous acid — impurities 
ten fonnd in the liydroehlorio aeid of commerce. For this 
i other reasons the process cannot be i-econimonded uiiIcbs 
Biployed under the direction of a chemist. Citric acid is much 
EHpler and probably safer. 

The taste of water not positively offensive after boiling can tm»i 
usually bo sufficiently disguised to [■endur it agreeable to most txiiK 
palates by pouring it upon tea leaves. Cold tea, when nut 
H^ft^ strong, is an agreeable and refreshing beverage, and may be 
^BfAd moderately without hurtful results. I should doubt its 
^Klnntagea as a steady driuk, but should at any time prefer it 
^Hpnaboiled, impure water. Iced tea has become a very popu- 
^■V summer beverage, and while usually taken much stronger 
■ than 18 necessary to disguise tlic flavor of water, it is often 
preferable to ice water. 

As 1 said in the introduction to the concluding remarks of adrh 
this chapter, the best precaution against injury from impure wmu 
water is not to use it. No one cjiu afford to be indifferent 
lu ihu dangcru of water poisoning, and whun hurtful impuri- 
ties are known or suspected iu water, no trouble or expense 
-ii>mld be spared to secure a lictter supply. When this ia 
impracticable for any reason, the person compelled to use 
impure water may Itave temporary recourse to whieliever of 
the expedients for purifying it suggested iu the preceding 
ti be may find most convenient. 



CHAPTER Xn. 

Suggestions Concerning the Sanitaby Care of Premises. 

It has not been the author's intention in writing this book to 
make it a manual of sanitary science, but a few remarks on tlie 
sanitary care of premises will not be out of place, as it not 
infrequently falls to the lot of those for whom this work is 
intended to deal with unhealthful conditions existing outside 
of the pipe systems of houses. 

rtwrnitiAiM. The lirst essential condition of healthfulness is cleanliness. 
The shovel, the broom, soap and water, sunshine and ventila- 
tion, are the agents upon which we must mainly rely in guard- 
ing against unhealthful conditions in our surroundings. How, 
when and where the broom, shovel and scrubbing brush need 
Dirt, to be employed, the reader must decide for himself. I can 
only say in a general way that anything and everything which 
can be properly classed as " dirt " should be put wliere it be- 
longs. It will then cease to be dirt. There are few things so 
dangerous that we cannot rob them of their power for mischief 

Decaying or- by puttin": tlicm in their proper places. Decaying animal and 

ganio matter, -^o ., 

vegetable matter of all kinds should be carefully composted 
and used for manure. We thus return it to the earth wliere it 
belongs, and its elements remain in the soil and are t^iken up 
and assimilated by vegetation. Under these circumstances 
decaying org<anic matter fulfills its ultimate functions, and in so 
doing is powerless for harm. This of course applies especially 
to country houses. In cities there is neither opportunity for 
composting nor use for manure; but the conditions are also 
different, in that the occupants of city and town houses can 
Neglect of usually disposc of all orsranic refuse without difficulty. Unfor- 

healthln ./ r ... 

cities, tunatcly, however, we often see in cities a gross neglect of san- 
itary laws, resulting in great part from the ease with which 
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filtii can be got rid of. Tlio foul, offensive nsh barrel etanding 
unattended to for Iioure under our parlor windows, and the soar 
ajid sickening swiEl pail perfnming our back areas or awaiting 
on tbc ciirbatone the arrival of the scavenger's cart, are evils 
peculiar to cities, and, I think, more noticeable in New York 
than anywhere else. I have often suffered severe nausea when , 
walking through elegant streets in the upper wards of New , 
York, caused by the horrible smell of ash and garbage recep- 
tacles strung along the sidewalk about ten paces apart. As the 
rule these veeaels are barrels or firkins, which readily al»sorb 
and retain a share of tlio foulness they contain, and which arc 
rarely cleaned out or disinfected. In most fumilies a barrel 
once dedicated to this ignoble service remains in use until it 
falls to pieces from rottenness or is fortunately stolen by street 
gaiiiius to feed election-night bonfires. During ten hours of 
llie day these receptacles stand beside the kitchen doors or un- 
der the front stoops. They are set out at nightfall on the curb- 
Kie, emptied when the ash and garbage men come around, 
by them replaced on the curbstone and, at the convenience 
tlie housekeeper or servant, reclaimed. Many houses, cspc- 
ily those occupied by several families, have large ]>crnianent 
ash bins on the sidewalk. Tiiese are wooden boxes with one 
side cut down to make it more convenient to partially empty 
ihora with a shovel. They are seldom or never cleaned, and as 
they arc receptacles for more different kinds of nastineas than 
could bo named, they soon become in summer dlseaso-breed'ng 
nuisances. They are only worse than the typical ash barrel 
because larger. 

The only vessels suitable for this service are those mmlu of 
galvanized iron. As they are emptied every twenty-four houi-fi, 
tiicre is no excuse for the offensivencss winch almost invariably 
eharactcriEcs them. There are but few things in the waste of 
a Louse which enter the garbage receptacle in a state of decom- 
position, and when such a receptacle stinks it is evident that it 
is neglected. An occasional — if necessary a frequent — acalding 
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out, followed by a thorough scrubbing with a broom and an 
airing in the sun, will correct any tendency to offcnsiveness in 
a metallic vessel, and go far toward reforming an evil the exist- 
ence of which is a perpetual surprise, 
auiitarycaro The sanitary care of a house should in all cases extend to the 

of MlUurt. 

cellar. In a previous chapter I had something to say on the 
subject of country cellars. The same remarks apply with even 
greater force to the cellars of city dwellings. As the rule these 
Refuse in are ncglcctcd. Vegetables not fit for use are allowed to remain 
in them and decay ; dirt of all kinds accumulates in dark cor- 
ners ; coal dust, always damp, gives oflE sulphurous gases which 
are peculiarly irritating to the throat and lung passages ; mold 
gathers on floor and walls, and foul and unhealthy conditions 
exist in every part. When sucli cellars are cleaned out the 
amount of rubbish and dirt removed is a ten days' wonder to 
the householder, but ho consoles himself with the reflection 
that it will not again need cleaning for a very long time. Con- 
sidering tlio condition in wliicli a large proportion of city and 
town house cellars are allowed to remain from one year's end to 
another, there is no occasion for the surji: isc often felt at tlie 
mortality tables and the i)revalence of diseases which have no 
excuse for being. 

DiBinfection. When everything has been done in the way of cleansing and 
purification ^vhich is possible with broom, shovel, clean water, 
fresh air and sunshine, it is sometimes nece.«isary to have recourse 
to disinfection as a means of correcting unwholesome conditions. 
As there exists a very g^ieral misapprehension outside of the 
medical j^rofession with regard to what are known as disinfec- 
tants and their uses, some remarks on tliis subject may have 
interest and value for practical people. 

prof.Bakcron In a letter from Prof. II. M. Baker, a chemist who lias given 

^*" much attention to this subject, addressed to Surgeon II. M. 

Wells, of the U. S. Navy, the theory of disinfectants is so well 

presented that I cannot do better than quote therefrom. Prof. 

Baker says: 
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■*' Ab the action induced in the process of ' deodorizing,' 

ifecting,* vVe., varies according to tlio agent employed, it 

^mpoasiblu to make a general rule applying to all aubstuncea 

wessitig Giicli chnracterd, but one may acquire a general 

inowledgc of tiieir mode of operation upon epecial welMcno\V7i 

jiriricipk-s. 

" It is a theory of chemistry tliat any body of organic ooiisti- Derompou- 

tation (especially if one of its elements be nitrogen) is subject ciuiie mum 

ft enter into spontaneous decomposition tinder mitd influences, 

1 as a certain iimge of teinpcmtnro, the presence of moisture, 

) action of diruct or diffused light, or contact »Hth another 

►dy of like feeble structure. The reason for snch properties 

Liouudud upon the faet that, for tlie most part, the greater 

B QQmbcr of chemical elements existing in combination to 

1 a particulai- body the more feeble becomes the chemical 

Snity that compels such combination, and shonld nitrogen be 

Q of those elements then the chemical constitution is rendered 

very nmch less stable, becanse nitrogen is very feeble in all ita 

affinities. Those bodies which emit foul odors are of organic 

stnictnre, and it is during the progress of what we call 'spon- 

incoDS decomposition ' that these odoriferous compounds are 

Mlved ; so that any substance placed in contact with the de- 

mposing matter, which arrests chemical dissolution or putrc- 

ition by displacement, substitution, elimination, direct com- 

tation, mutual decomposition, or by inducing a cliango of 

cular structure, or eatalyeis, thereby forming a new and 

e oonipoun<l, may justly be styled a ' deodorizer.' 

Ihe bodies of most frequent oi^currence, and that exist in offoou™ pro- 

save quantities, which exlialo ofiensive odors during decern- compociuon. 

lution, are the animal and vegetable tissues — as albumen, gela- 

I fibririe, caseine and a vast number of nitrogenous com- 

tends from the blood, bile and cxerementitioua substAuccs at 

nghUsr-honscs and provision stores, and also fiecal and urinary 

Itter in W3to^closetB, nrinals, Ac, besides tlio unexamined 

•ducts of decomposition in cesspools, sinks, oSal barrels, 

B and the Ukc. 
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infectionfl "The term 'disinfectant' is often employed as though it 
taffionB. indicated or implied anti-infection, but it seems that its mean- 
ing might with propriety be extended to substances which 
induce tlie chemical destruction of, or removal from, infected 
tissues of virulent matter. Some infections are of local and 
otliers of a general character and may be communicated by 
contact, but many contagions are supposed to be transmitted by 
the atmosphere to the lungs, where the poisonous matter meets 
the blood, and thereby finds food which it appropriat<;s to its 
own growth, against the faithful protest of the vital powcra. 
Powerof " The power of virus is chemical in its character; so if tlio 
vital forces are in a depressed condition it is most probable the 
chemical forces will acquire the mastery, although an active 
strife exists between the two. No positive knowledge prevails 
as to the origin of infecting bodies, nor any proofs of distinct 
characteristics except in the effects manifested. The venom of 
the reptile diflfers from the virus of rabies and variola, and 
these three again from the carcinoma of the cancer. 
AntMnfoc- '^ Au ' anti-iufcctant ' cannot be indicated tlirougli the aid of 
* reason until a sufficient quantity of the isolated contagious 
matter can be procured for the investigation of its properties ; 
60 we must content ourselves with the employment of tliose 
agents which experiment and observation proclaim most trust- 
worthy. 
Disinfectants. ''A * disinfectant ' should possess the property of destroying 
the chemical structure of virus and thereby produce in its stead 
a body with inert characters, and consequently afford the natu- 
ral chemical and vital forces an opportunity to pursue their 
regular vocation or function of removing effete matter, and 
replenishing the exhausted tissues unobstructed." 
Efflcacyof Concerning the efficiency of the various disinfectants avail- 
preparations, able for general use it is difficult to speak with contidence in 
all cases. The opinions of experts in sanitary matters seem to be 
undergoing a gradual change, as conclusions formed in the labo- 
ratory are contradicted, modified or confirmed by practical cxpe- 
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bee, or vice versa. I can only give my ovn opinions, formed 
>art from practical experience in the use of many of tlie die- 
kctants generally employed, but still rat»re from a stndy of 
I results obtained by eminent and tni^itwortliy experimenters. 
That are known tinder tlie general name of disinfectants 
■j be classified as follows : 

, PoftitivB disinfectants, which destroy or restrain infec- p. 
B vinifl, 

8tl, Antiseptics, wliicli merely prevent or arrest ferracntatJun a 
1 decay. 

Deodorants, al>sorbents, &c., wliicli destroy bad smells, d 
tdorize putrid exhalations, or absorb moisture and gases. 
B the functions of these several chemical preparations are 
Bte distinct, it is important tJiat, before selecting one for use 
per given conditions, we should know just what we want to 
tomplish. In certain cases two or more kinds of disinfecting 
lieriol may be advantageously coinbiiiod, but such admixture 
t be made by persons familiar with their properties or uses 
Bthere is danger of defeating the object sought by bringing 
■oontact substances which neutralize each other and together 
vavae inoi>erative. 

^at^lic j1c«/.— This is one of the most generally used of o 
B positive disinfectants, but it has lately fallen into some dis- 
rate among chemists. It is probable, however, that the lab- 
tory tests have not in all cases been made under conditions 
Ecb determine its general value for nse in the sanitary poljc- 
f of premises. Employed in solution, carbolic acid is a 
Irerful destroyer of the lower animal organisms. Solutions 
[One part to 2(XI0 parts of water kill infusoria and bacteria 
tantly; 2 milligrams (003 grains) will stop fermentation in 
I c c. of sugar solution. In another experiment where h 
|at was kept under water, in three days it was very turbid oi 
8 there were numerous bacteria. In a solution of one part car- " 
Be acid to 10,000 parts of water, the meat began ti> decom- 
I in aix days ; but tn a solution of one part io :J000 it did 
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not putrefy until the expiration of live weeks, when all the 
acid had evaporated. In water containing 1 per cent, of car- 
bolic acid, at the end of eight weeks the meat had the appear- 
ance of fresh meat, and no bacteria could be detected. From 
a practical point of view there is probably nothing so well 
adapted as carbolic acid to prevent the evolution of putrefying 
and infectious organisms in large masses of readily decompos- 
ing matter (such as excreta and sewage), until they can be 
removed and rendered harmless in other ways. 

For employment as a disinfectant it may be diluted by add- 
ing from 40 to 100 parts of water to one part of acid. It may 
then be sprinkled upon garbage or decaying organic matter, 
upon unclean surfaces, in drains and elsewhere with good re- 
sults. A more perfect solution of carbolic acid in water is 
secured by adding one part of strong vinegar to one part acid. 
This is only necessary or desirable, however, when clothing or 
other fabrics are to be washed in the sohition. 

Coal tar Botli carbolic and cresylic acids are coal tar products, and are 

pnx ucts. ^^^^ properly acids but alcohols, (/oal tar itself is useful in 
many ways as a disinfectant, and if mixed with sawdust or dry 
lime may he iMiiployed with advantage in foul places or upon 
heaps of decaying refuse. 

Sulphate Su/j}/i(it(' of Iron and Sulphate of Zinc, — These salts possess 
well-known properties as positive disinfectants. The former is 
expressly reconiniended, in admixture with carbolic acid, for 
the disinfection of privies, cesspools, drains, sewers, and all ves- 
sels or ])laces where discharges from the sick are evpcuated. 
The sulphate of iron (copperas) is dissolved in water in the pro- 
portions of eight or ten pounds of the former to live gallons of 
the latter, and half a pint of fluid carbolic acid is added. In 
using this ])reparation for the disinfection of privies, sewers, 
drains or garbage heaps, pour in or throw on the solution, a pint 
or so at a time, about once an hour until the nuisance is cor- 
rected. 

Sulphate Suli^liatc of ziuc solutiou is made bv dissolving two ounces 

of £lnc. ^ " 

of the salt in a gallon of water. It is chiefly useful for disin- 
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Kting clothing, bedding, &c., and answers as a temporary ex- 
diont until tJiey can Iw more thorouglilj cleansed by boiling, 
' Permanganate of Potash. — As a, disinfectant, permanganate penmuig 
f potafiti is of very Uttlo vahie, altlioogli favorably regarded by " *" 

Schrotor lias observed that infusoria swim around for a 

^gtimo in the strongost solutions of this substance; tlien tlit-so 

^lusms turn brown itidido and die. Yeast cells act in a simi- 

r manner, while the spores of mold fungi germinate even in 

t strongest solutions. Bacteria are killed in concentrated 

Hutions without turning brown ; in solutions of 1 to 1,000, on 

B contrary, tliey increase. The effect of permanganate is still 

fartlior weakened by first acting upon decoini>oHed organic mat- 

BT, and is thereby decomposed. For example, if a piece of 

ash meat is put into a solution of permanganate of jKitash, its 

rface becomes brown, the solution is soon decolorised and the 

aate is decomposed. The water then extracts sub- 

8 from tiie undecomposed meat ; bacteria appear, multiply 

J>idly, and the meat is furtljcr attacked. On account of tlie 

8 of decomposed organic matter, a great quantity 

: permanganate is required for its rejieated disinfection, and 

il after one or two days there is a large increase of bacteria — 

bbidity and the odor of decay reappraring. In spite of the 

I of large quantities of this disinfectant, the meat spoils 

pioat as rapidly as in pure water. Permanganate of potJtsh 

', therefore, be used with profit for washing out wounds, but 

F disinfecting filth it is totally unsnituble. 

^QituMime and- Chloride of Lime. — As an absorbent of moi&l- quicitiim. 

I and putrid fluids, quicklime Is good. Fresh stono lime 

lid be broken into small pieces — the smaller the letter — 

I sprinkled on the places to be dried. Sick rooms, stables, 

Rlionsee, &c., may be greatly purified by whitewashing tliciri 

|li lime, but little or no benefit is derived from kalsomining. 

9 free use of lime may be recommended, but the admixture 

twhiting, chalk, glue or any other of the subHtaiicoa usually 

ployeil to improve the wliitenoss or insure the adiieaion of 

I, will do much to noutnilize the benefit« of UmcwasL 
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Chloride The value of chloride of lime is doubtfuL It gives off chlo- 

of lime. ^.^^^^ which is supposed to form stable compounds with the 
products of decomposition in bodies containing nitrogen, but it is 
Chlorine gas. doubtful if the resulting compounds arc at all stable. Further- 
more, dry chlorine gas has no effect upon the lower organisms, 
and it is totally useless to fumigate clothing with chlorine. Its 
disinfecting action upon liquids, excretia, and the like, is insuffi- 
cient, and very rapidly exhausted. 
chwrooeL Cliarcool, — As an absorbent of foul gases and a general puri- 
fying agent, charcoal is invaluable. It should be fresh and dry 
to give the best results. Voelcker says of charcoal : " It pos- 
sesses the power not only of absorbing certain foul smelling 
gases — sulphuretted hydrogen and ammonia — but also of de- 
stroying the gases thus absorbed ; for otherwise its purifying 
action would soon be greatly impaired. It is very porous, and 
its pores are tilled with condensed oxygen to the extent of eight 

Oxygen, times its bulk. We have, therefore, in charcoal, oxygen gas in 
a condensed form and more active condition than in the 
air we breatlie ; hence it is that organic matter in contact with 

Pores of charcoal is so rapidly destroyed." Liebig says that ^' a cubic 
inch of beecliwood charcoal contains pores equal in area to lOO 
feet.-' The oxygen contained in these pores attacks and burns 
up whatever is absorbed into them, and as the powers of char- 
coal are self -renewing, it will retain its properties for a very 
long time. It should be used whenever there are noxious ex- 
halations to be absorbed and destroyed. 

This by no means concludes the list of disinfectants in use, 
but from those recommended the reader can select one or 
more which will be of service as an aid in sanitary work. This 
book is intended chiefly for practical people who are not likely 
to venture any diflicult experiments, and who would, as the 
rule, have difficulty in procuring other disinfecting agents than 
those above noted. During the past few yejirs a number of dis- 
infecting fluids have been introduced into use, and are usually 
sold by dispensing druggists. They are somewhat costly, con- 
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tering the valne of the materials employed in making them ; 
;, eo far as my experience goes, they are convenient for use 
on a small scale, and will accomplieh all that any disinfectant is 
capable of if used aa directed. 

In tlio reports of the Medical Officer of the PnVy Conncil Dr. Bini«r. 
and Local Government Board (Sew Series No, VI) for ISlh. 
is given an elaborate report by Dr. Baxter on the experimental 
stndy of disinfectants, which is probably the most valuable of 
recent contributions to the literature of this subject. I have 
only space for his conclusions, which arc as follows; 

I. Evidence has l>een adduced to show that carbolic acid, eul- TmadiiiiB- 
phur dioxide, potasaic permanganate and chlorine, are all of 

them endowed with true disinfectant properties, though in very 
various liegrees. 

II. It is osaential to bear in mind lliat antiseptic is not syii- Aattwpun. 
onomous with disinfectant power; tliongh as regards the four 
agents enumerated above, the one is, in a certain limited sense, 
commensurate with the other, 

III. The efEeetual disinfec'ant operation of chlorine and po- chioMoew. 
ta^ic permanganate appears to depend far more on the nature Mvotpotat 
of the medium through which the particles of infective matter 

are distributed tlian on the specific character of the particles 
themselves. 

rV. When either of these agents is used to disinfect a vim- Their »choii 
lent liipiid contaiuing much organic matter, or any com])ounds 
capable of uniting with chlorine, or of decomposing the i)er- 
manganate, there is no security for the effectual fuIKIlment of 
disinfection short of the presence of pure ehlorine or undc- 
composed permanganate in the liquid after all chemical action 
ha» had time to subside. 

V. A virulent liijuid cannot be regarded m certainly and » 
completely diaiufeetcd by sulphur dioxide unless it has lieen " 
rendered permanently and strongly acid. The greater solubil- 
ity of this agent renders it preferable, cteten's paribus, to chln- 

e and carbolic aeid for the disinfection of liquid media. 
21 ^ 
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corboucadd. VI. No vinilcnt liquid can be considered disinfected by car- 
bolic acid unless it contain at least two per cent, by weight of 
the pure acid. 

VII. AVlien disinfectants are mixed with a liquid it is im- 
portant to be sure that they are thoroughly incorporated with 
it ; that no solid matters capable of shielding contagion from 
immediate contact with its destroyer, be overlooked. 

Disinfecting VIII. Aerial disinfcctiou, as commonly practiced in the sick 
' room, is either useless or positively objectionable, owing to the 
false sense of security it is calculated to produce. To make the 
air of a room smell strongly of carbolic acid by scattering car- 
bolic powder about the floor, or of chlorine by placing a tray of 
chloride of lime in a comer, is, so far as the destruction of spe- 
cific contagion is concerned, an utterly futile proceeding. 

vinuinair. IX. Wlicn acrial disinfection is resorted to, the probability 
that the virulent particles are shielded by an envelope of dried 
albuminous matter, shcmld always be held before the mind. 
Chlorine and sulphur dioxide are both of them suitable agents 
for the pur[>ose ; the latter seems decidedly the more effec- 
tual of the two. The use of carbolic vapor sliould be aban- 
doned, owing to tlie relative feebleness and uncertainty of its 
action. AVhether clilorine or sulphur dioxide be chosen, it is 
desinible that the space to be disinfected should be kept satu- 
rated with tlie gas for a certain time, not less than an hour ; and 
til is in the absence of such gaseous compounds as might com- 
bine with or decomjx>se the disinfectant, and so far impair its 
enerc^v. 

Disinfectiun X. When tlic tliorougli disinfection of a mass of solid or 
in masses, liquid matter through which a contagium is disseminated is 
impracticable, we should guard against giving a false security 
by the inadequate employment of artificial means. It is proba- 
ble that all contagia disappear sooner or later under the influ- 
ence of air and moisture, and that the absence of these influences 
may act as a preservative. When, therefore, we cannot advan- 
tageously or effectually supersede the natural process of decay, 
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liunst tm sure that we do nut hampi^r it by \\w iiijucliL'iuits 
B of antiseptics. 

XI. Dry licat, wlien it can be applied, is probably the nioBt a 
i^fHcient of all disinfectaiite. But, in tlie tirat place, we must 
f BOK tbat tbe desirud temperature is actually reached Ity every 
irticlu of matter included iu tho heated space ; secondly, 
»th of exposure and degree of lieat should be regarded as 
Bttldly compensatory factors within certaiu limits. 
Bn conclusion Dr. Baxter saya : '■ The above Htatemcnts arc d 
I 80 discouraging as they may appear at the first glance to "' 
r reliance upon artificial disinfection. If wo believe that all 
btagia are generated, like those of small po.x and scarlet 
rer, in the infected organism, and Uicre only, tlie outlook is 
nopeful one. We might even anticipate an approach to the 
ffect fulfillment of tlio work uf disinfcctiou by submitting 
Imattors, ijiimediately after their removal irom the affected 
jon and before any dilution or admixture, to the full influ- 
ono or otlier among the destructive agencies at our 
command. On the other hand, If the contagium of any disease o 
ii capable of being generated do nora, outside tho Ijody 
jytliogenie origin of enteric fever, typhus ercated by over- 
wding) such contagium can hardly be eradicated by any 
i of artificial disinfection. For cases of the latter kind 
I opening words of the memorandum previously referred to 
nish the only solution : ' It is to cleanliness, ventilation and crr 
^nage and the use of perfectly pure drinking water, that " 
pnlationti onglit to look mainly for safety against nuisance 
1 infection. Artificial disinfectants cannot properly sujiply 
B place of these essentials, for, except in a small and jieculinr 
> of cases, they are of temporary iinti imperfect useful- 

L committee appointed from the St. Petersburg Medical rd 
idemy by the Itnssian government to investigate the samctol 

t (antiseptics and disiufectantfi), arrived at tho following 
■elusions : 



} 
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1. Carbolic acid is the most efficient xneanB against the* 
dcvelopment of animoniacal gas, putrescence and development 
of lower orgauisins in organic matter under decompo6itioii,«iid 
is, therefore, the best antiseptic. 2. Yitrioly salts of zinc and 
charcoal are the best means for deodorizing matter under patie- 
faction. 3. The powders of Prof. Kittarj, besides the prop»- 
ties they share in common with other carbolic disinfectinte, 
deserve attention because of the isolated state of phenol in them 
and their contents of quicklime, which absorbs moisture — the 
principal condition of each kind of putrefaction — as also some 
part of tlie gases. 6. Chloride of lime and permanganate of 
potash quickly destroy the lower organisms in putrid liqnick 
7. Tlie disinfectants certainly retard the putrid processes in 
organic bodies, but their influcTice is only temporary. As a 
means of purifying air in dwellings their influence is very 
small, if not totally nil, because of the very small degree of 
concentration of their ingredients that can be used without 
injuring the health of inhabitants. 8. For uninhabited build- 
ings the best dLsinfectants are nitrous acid and chlorine- 
Difference of It willbe noticed that there are some points of diflFerence 

scientific 

opinhmrc- betwceu l)v. l>axter's conclusions and those reached by the St. 

*^ecuint8. IVtersburg coinniittee. In the words of the proverbial conun- 
drum, ** When doctors differ who shall decide?" The whole 
literature of the subject is as full of contradictions and differ- 
ences iis the conversation of a tree full of katydids on a sununer 
niglit. 

N.Y. Board III a ** Mctnorandum on Disinfection," issued by the New 
• * Vork Iioard of Health in 1808, the following recommendations 
are made : 

Disinfection '» To disiufcct privics, watcr-closcts, close stools, bed-pans, &c., 

of excrumeut 

use sohition of coi)peras and carbolic! acid. 
Damp places. ^^ To disiufcct Cellars, vaults, stables or any damp, offensive 
j)laces, use quicklime, charcoal, copperas or carbolic acid. 
Living and " For sick rooius, bedrooms and closets, cleanliness, good 

Bleeping 

rooms, ventilation, quicklime and charcoal. 
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" To disinfect a. pri vj, use copperas aiid carbolic acid Bolutions, 
ixed as abovu described, to the extent of two or three pints to 
sry cubic foot of filtU treated." 

Tlieec directions, thougli probably not in accordance with 
) beet practice of Baniur^y experte at this time, are nimplo, 
icticul and easily followed, and for this reason I have given 
1 in condcuBcJ form. 

. tlifl nee of disinfectants we should remember that they 
9 at best a very uncertain dependence. In operation 1 canatarotpro 
toy compare tUcm to the \e.ga\ document known as a " stiiy '^ 
I |m>ceeding6," which does not set aside the judgment of tlie 
Ibrt, but luorely arresls for a time the execution of its decree 
1 time for fuller intjuiry or for appeal to a higher court. 
1 the "stay of proceedings," the disinfectant is operative 
I time only. We arrest decomposition and stop a nuisance 
a. time by this means, but if we do nothing more, the dan- 
v»nft processes we seek to avert will go on as before. In tlic SMiiar» 
i&ntime we must attack the evil by more vigorous and pci-J|^^,ta» 

; means. The decomposing matter must he removed 
lome place where decomposition can go on safely; the foul 
I or ee8S])ool must be cleaned out and ventilated ; the hor- 
1 privy vault must be emptied, purified and tilled with 
dry earth, and tlie privy transformed into an earth 
iet; the offensive water-closet must be put in order or abol- 
— in a word, we must remove filth, abolish dirt and cor- 
t all conditions of known or suspected unhealthfidness. Dis- 
tant* will not do this. Dr. John Simon, Chief McdicAl Ofli- nr.Btmoii. 
' the Privy Council of the Local Government Board of 
t Britain, in his able memoir on " Filth Diseases and their 
^vontion," says with much of grace as well as force : " To umitBtion at 
nically disinfect (in the true sense of that word) the filth ' 
C ucglocted district, to follow the body and brandlings of 
I with really effective chemical treatment, to thoroughly 
roy or counteract it in muck Iieaps, and cesspools, and ash 
i, and sewers, and drains, and whore soaking into wells and 
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where exhaling into houses, cannot, I apprehend, be proposed 
as physically possible, and the utmost which disinfection can 
do in this sense is apparently not likely to be more than in a 
certain class of cases to contribute something collateral and 
supplementary to efforts which mainly must be of the other 
sort. This opinion as to the very limited degree in which 
chemistry can prevail against arrears of uncleanliness does not 
at all discredit the appeals which are constantly and very prop- 
erly made to chemistry for help in a quite different sphere of 
operation — with regard, namely, to the management of indi- 
vidual cases of infectious disease, and to the immediate disinfec- 
scientiflo tion of everj^thiug that comes from them. In this latter use of 
infeotants. disinfectants everything turns on the accuracy and completeness 
with which each prescribed performance is done ; but such 
accuracy and completeness are, of course, only to be insured 
when operations are within well-defined and narrow limits, and 
in proportion as disinfection pretends to work on indefinite 
quantities or in indefinite spaces it ceases to have that practical 
meaning. Again and again in tlie experience of this depart- 
ment a district lias been found under some terrible visitation of 
enteric (typhoid) fever from tilth infection operating through 
house drains or water supply, but with the local authority inac- 
tive as to the true cause of the mischief, and only bent on prac- 
ticing about the place, under the name of disinfection, some 
futile ceremony of chemical libations or powderings. Conduct 
such as this, referring apparently rather to some mythical 
' epidemic influence ' than to the known causes of disease, and 
savoring rather of supei-stitious observance than of rational 
recourse to chemistry, is eminently not that by which filth dis- 
eases can be prevented, and contrasting it, therefore, with 
means bv which that result can be secured, I would here 
specially note a warning against it." 

With regard to the sanitary policing of premises Dr. Simon 
says : 
Sanitary care " Wlicrcvcr human bciugs arc settled for residence the 
** and la^dT. clcanlincss which is indispensable for healthy life can only be 
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secured by strict method. Even where houses stand singly and 
with wide space around them, the householder cannot safely 
neglect that sanitary obligation with regard to the refuse of his 
own household — the slop waters, cooking waste, various house 
sweepings, the human faeces and urine, the excrements of 
domestic animals, &c. ; and the obligation becomes more and 
more important in proportion as dwellings are gathered to- 
gether in comparatively small areas." 

A very practical country physician was once asked by a 
neighbor who was not over particular as to the condition of his 
premises, what would be the best disinfectant to get for use 
before hot weather came on. 

" I will give you a prescription if you will get it filled and Apnustioai 
use it,'* said the doctor. 

This was agreed to and the doctor wrote as follows : 

9:. Eake 1 

Shovel 1 

Wheelbarrow 1 

Sig, Use vigorously every 24 hours until relieved. 

The hint was taken and the premises were cleaned up. Sun- 
shine did the rest. 



CHAPTER XIIL 

The PLrMBEB and His Work. 

Popniar There is probably more gratuitous abuse of one kind or 
piamben. anothcr lavished upon plumbers than upon all the other me- 
chanics directly or indirectly connected with the building 
trades. The person who buys or leases a cheap house is not 
commonly surprised to find it badly built in every part. If the 
floors warp and shrink away from the surbases ; if the doors 
spring, the windows stick and the moldings drop off, we shrug 
our shoulders and console ourselves with the reflection that, if 
people will build cheap houses they must expect that cheap ma- 
• terials and cheap workmanship will be put into them. We 
never think of assuming that the carpenters did not know their 
trades, or would not have done good work if they had been 
paid for it ; and when repairs are needed we send for some- 
Unfaip l)odv who cun make them. When, liowever, we find a house 

critlcisnu. 

badly piped, we seem to take it for granted that the plumber 
who did the work was an ignorant fool. As repairs become 
necessiiry, our spite against the individual plumber who piped 
tlie liouse by contract extends to the whole trade. We send 
for them under 2)rote8t, growl at their bills, denounce them as 
frauds and swindlers, and wish we could make our home on 
some barren isle in mid-ocean and forever escape their misera- 
ble swindles and exactions. AVhen the plumber whom we call 
in to mend the pipe in some inaccessible place has to tear up 
our floor or break down our walls, we never think of blaming 
BUmc where the architect or the builder. The unfortunate plumber takes it 
belong, all, and if he is not rendered unhappy by the consciousness that 
he is not loved by the public, it is probably because he is quite 
indifferent to what people think of him so long as they pay 
him his bills. They will come after him fast enough when his 
services are needed. 
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Popnlar writers who are constantly seeking targets for tbcir Thepiumb. 
— wiiicli cuiLsifits rery largelj in exaggerating tlio vexatious uicman. 
J annoyanoes l;»f daily experiences and magnifying the com- 
loiiplaco — have done not a little during the past few years to 
ikc the public regard plumbers aa tlic natural cnemicB of all 
pnankind. An example of this kind of literature, which has the 
ixceplional merit of being witty and nut ill naturcd, occurs in 
! very popular book entitlod, " My Snminer in a Garden," 
•om which I quote as follows : 

"And, speaking of a philosophiiial temper, there ia no class c«i<;i>tariii« 

pf men wlioso society is more to be desired for this (jnality 

I that of pimubers. They are the most agreeable men I 

know, and the boys in the businobs begin to be agreeable very 

ttrly. I suspect that the secret of it Ia that they are agreeable 

the hoar. In the dryeat days my fountain became di»- 

od ; the pipe was stopped up. A couple of plumbers with 

I implements of their craft came out to view the situation. 

%ere was a good deal of difference of opinion about where the 

toppiige was. 1 found the plumbers perfectly willing to sit 

town and talk about it — talk by the hour. 8ome of their 

d remarks were exceedingly ingenious, and their gen- 

[»1 observations on other subjects were excellent in their way, 

i could hardly have been better if they had been made by 

e job. The work dragged a little, as it is apt to do l)y the 

The plumbers had occasion to make me several visits. 

loitietiines they would finti, upon arrival, that tliey had forgot- 

t some iiidifipcnsablo tool, and one would go hack to the shop 

^nd a half after it, and his comrade would await his 

1 with most exemplary patience and sit down and talk— 

s by the hour. I do not doubt but it is a habit to have 

[nething wanted at the shop. They seemed to be very good 

rorkmen, and always willing to stop and talk about the job or 

^thing else when I went near thern. Nor had tliey any of 

i impetuous hurry which is said to be the banc of our 

I civilization. To their credit be it said that I never 



830 TIIE PLUHBEB AND HIS WORK. 

observed any of it in them. I think they have very nearly 
solved the problem of life. It is to work for other people, 
never for yourself, and get your pay by the hour. You then 
have no anxiety and little work. If you do things by the job 
you are perpetually driven ; the hours are scourges. If you 
work by the hour you gently sail on the stream of time, which 
is always bearing you on to the haven of pay whether you 
make any effort or not. Working by the hour tends to make 
one moral. A plumber, working by the job, trying to unscrew 
a rusty, refractory nut, in a cramped position, Avhere the tongs 
. continually slipped off, would swear ; but I never heard one of 
them swear, or exhibit the least impatience, at such a vexation 
working by the hour. How sweet the flight of time seems to 
his calm mind." 
Raaaonsfor Xow in a book addrcsscd chiefly to plumbers it would no 
■atisfaction. doubt be tlic propcr thing to say that the popular feeling of 
dissatisfaction with them, their bills and their work rests upon 
nothing more substantial than an unfounded and wholly un- 
reasonable prejudice unworthy of an intelligent community, 
Practical" ctc. Sucli, liowcvcr, is uot the fact. It is unfortunately true 
' that a very large proportion of those who call themselves 
'* practical plumbers/' and who set up in business for them- 
selves, do not know their trade and are not as honest as could 
be desired in its practice. In my intercourse with the trade I 
have met many plumbers of large intelligence and much exj)e- 
rience who exeinpliiied in all their business relations a delicate 
sense of honor and an obi illation not alwavs found in bank 
Good men paHors uor iu the counting rooms of great merchants. Men of 
* this kind are not so scarce in the trade that we need have 
Jecondand trouble in finding them. I have also met a great many plunib- 
xnechanics. crs of average skill and intelligence — honest, as the world goes, 
but withont any very keen sense of the obligation which rests 
upon all men to take nothing for which they do not render a 
fair ecjuivalent. I have also come in contact with a great many 
clumsy ignoramuses whose knowledge of the trade in which 
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called themwivea " praotioal " h limited to the wiping of 
itupeii joints and what ideas they tiiaiiogod to "pick up'' 
rle carrring a bag of tools for a few months, and who wonld 
licaitatc to cliargo all they eonld got for materials and acr- 
wh oily irrespective of their value. It ia the hofeliing, Dotfuing, 
sogering " and overcharging of each plumbers aa belong ite^bwi* 
lO latter class tfiat have created in the public mind a prcju- 
Ireo against tlio whole trade. The reader, if ho be a pluinlier, 
'■ail cliuwify himself ; but it is safu to asanmo that ho does not 
ri-presont the class of which I have last spoken. Men of this 
n-ipo never read. 

Fn)m a long and somewhat intimate acquaintance witli tho^t qnauncauau 
'•• iiinoctod with the trade in its varionn braiiehes, 1 Lave learm d "p^^!^^ 
til regiird the Work of the '• practical plumber " as demanding JJI^JII^''" 
high and peculiar qiialitications. In some respects it is tli'^Theinuieu* 
easiest of all trades to learn, and a man with average niechan- 
ieal ability could, with application, make himself a good work- 
inin in very much leas time than wonld be required to loam a 
majority of inoebaiiical trades. This is an advantage to the ap- 
])reiitii:'e, in en far as it enables liim to become a good workman 
ill a comparatively filiort time ; but there is constant danger 
that the ease wilh which the practice of the plumbing shop may 
he learned wiU encourage laziness on the part of tho appren- 
rii'o and a disregard of the obligation which rests npon every 
iiii.'chauie lo master the theory as well as the mam'pnlations of 
tlic trade he essays to learn. Tho work of tlie plumlwr lo 
-• simple to tho apprentice, and Is bo einiplo in many 
1 1 -pect&, tliat before he has carried tlio tools for six week;; 
III- iinagiucs hu knows It all. and nnless ho be a yonng 
man "f exceptional good sense he gets through the bal- 
itrn^e of his apprenticeship as easily as possible, encouraged by 
the prouil conacionaness tliat he conid wijreajoint as well as 
the bosH if ho only had tho opportunity, and that on his twenty- 
(irst birthday he will set up as a " practical plumber" with as 
right to the title as nine-tenths of those who assume it. 
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This feeling of self-sufficiency, which is quite natural under the 
circumstances, commonly leads the apprentice to look with pro- 
found contempt upon study or solid reading. A majority of 
the workmen with whom he comes in contact know very little 
more of the theory of the business than he can " pick up " with- 
out much effort, and he is rarely called upon to perform any 
work during his apprenticeship which requires a knowledge 
greater than he possesses, or encourages him to study causes and 
investigate principles. Thus the golden o])portunitie8 of youth 
slip by unheeded ; at the proper time he is graduated a full 
unakiiifui fledged journeyman, and after that he has, as the rule, little of 
either time or inclination for study. As a consequence we 
have a very large proportion of practical plumbere who are only 
practical, knowing simply the characteristic manipulations of 
their handicraft, but who are practically ignorant of its princi- 
ples, except perhaps such as have been learned by experience 
and are imparted from generation to generation in the tradi- 
tions of the shop. I do not mean to say that all plumbers enter 
Learning upoii the practicc of tlicir trade unprepared. Such a statement 
* would be unfair and untrue. The thoroughness with which an 
a])prcntice learns his trade depends largely upon his own intel- 
ligence, character and habits, and upon the character of his em- 
ployer. Those who are so fortunate as to be brought up in 
well-ordered shops, under the direction of men who know their 
business and believe it to be their duty to teach it in all its 
"Picking up' •l)ranches to their apprentices, have themselves to blame if they 

tho trade. rr ^ j 

do not become skillful and thorough workmen. But all boys 
arc not thus fortunate, and when left to '' pick up " their trades, 
they arc apt to pick up only so much as they can carry without 
straining their mental capacity. 

Quaiificationfl I havc Said that in my judgment the practical plumber re- 
quires high and peculiar qualifications for the work he has to 
Good sense perform. Primarily he must be a man of sound good sense 

i^omTti^^ and possessed of a wide range of general information. He 
needs these qualifications for the reason that he must be to some 
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lont a jack-of-all-traibs. In jobbing tliere is ao telling what 

d of work lic may be called upon to perform, and Iiig siict^ess 

I joAibltig depends largely upon being able to do tbo right 

bing firet and do it in the ea&iest way. Iliti general infurma- 

1 mnat be comprehensive, inclnding n knowledge of practical 

l^draulicfl, of aritlunotic and nlgebra, of the principles of chem- 

l^fyt snd of half a dozen trades coiinceted with or relating to 

ISO bnilding. lie must lit times do and undo the work of 

carpenter, the mason, the gas-fitter, the pl.iaterer. tlie ) 

tainter and the carpet layer. It is not always ]>ossible for 

e to follow him and repair the mischief he is compelloii to 

I, and Ue shonld know )iow to repair it when necefisary, aa 

a know how to avoid making unnecessary work for others. 

Q more than onco had plumbers do a vast amount of nn- 

Miry damage to \valls, woodwork and carpets in ray own 

I, and I can sympathize with those who find cause for com- 

t in the way wliicb a great many of them apjdy their talent 

br pulling things to pieces. The skillful phinil)or needs to be oonerM 

j( " handy man " with tools of all kinds, and this dexterity he 

tan easily acquire if ho have the sonnd good sense and general 

mtelllgence which I have placed first among his essential >^uali- 

Mtions. 

e muat bo a man of quiok perceptions and prompt in action, pno^^om 
rayB ready for an emergency. lie is often called npon (o^'"™^ 
inder Bcrvices which are valuable to those who employ him in 
ioportion to tlie promptness and intelligence with which they 
D performed. Unnecessary delays in responding to calls, tar- 
ge in getting to work where instant action is demanded, 
"fooling around" on any pretext when his work is done, 
ill destroy any man's business reputation and leave biiu de- 
ent npon chance custom. 

BiDUBt not be afraid of himself or his work. Much of It Noi«trud 
I dirty and disagreeable; hut it is useful and honorable, and" 
liould never be slighted out of consideration for his nose or 
B tingers. lie need not fear that his dignity will suffer or 
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Lis character as a gentleman be called in qnestion because he 
goes at his work like a man and does it as well as lie knows 
how, whatever it may be. 
iThorongfaneas He must be tliorougli. Fcw of those who employ him know 
whether his work is well done or not. He can cover np the 
worst kind of botching if he wants to, and generally get the 
same price for it that would be charged for better work by a 
better man. It is a matter between himself and his conscience. 
The consequences of his blundering or carelessness may be 
serious and far reaching. The few dollars he saves on a poor 
job may cost hundreds in damaged walls and furniture, or 
possibly bring sickness and death to happy households. He 
cannot afford to assume this moral responsibility for the sake of 
a present petty gain in money. 
The plumber He sliould be — and before many years must be — a sanitarian. 
The manner in which houses are drained is of vast, and as yet 
unappreciated, importance as affecting the public health. Much 
of the literature of this new and beneficent department of scien- 
tific investigation has a direct, practical bearing upon the work 
of the pliiniber. He must lead as well as follow the progress 
of reform now fairly begun. What has already been said and 
written has awakened no little popular interest in the subject 
of better and safer drainage systems than are now commonly 
employed, and before many years those will monopolize the 
ereain of the business who are abreast with the progress of sani- 
tary reform, and who arc untrammeled by ignorant prejudices 
and narrow views. The plumber of the near future will be a 
man who can intelligently begin where the engineer leaves off, 
and bring any system of drainage which the former may carry 
out in part to its complete, perfect and scientific consumma- 
tion. 
Honesty. He must be honest. I do not mean by this that he should 
not be a thief, for in no trade of which I have any knowledge 
is the standard of honesty, as regards a sense of the difference 
between meum and tiixim^ higher than in the plumbing trade. 
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le ptnmber enters a tiouse witlj almost a carte blanche to go 
he will, aiid I am bappy to siiy the confidence of the 
iblic is rarely abused by one of the craft But honesty iin- whxboiMCr 
38 eomething more tlian a respect for fJie pro]«rty riglils of 
"others. It implies honor between man and man, anj tliis can- 
not exist where false charges are made or exaggerated items set 
down in bills. The man who wastes tlie time for which I pay 

as dishonest, morally, as the man who pieka my pocket. If wuhocwm 
charges me witli two hours time when the work done could 
,ve been finished in one hour, be does not deal honestly by 
and cannot claim to be an lionest man thongh he respects 
sanctity of bureau drawers and leaves my wardrobe unmo- 
ed. This is plain talk, but there is no reason M'by It should 
i offense to any one. No one will deny its tnith. Not long j^mdowt. 
some students in the School of Mines, in New York, wore 
photographs for the use <tf one of tlio faculty in a room 
a plnmbcr and his assistant were at work. " Gentle- 
said the plumber, "suppose yon take a picture of me 
ling a newspajxir with one eye and watching the door with 
other to see if the boss is coming, while the 'prentice poi- 
nd making believe be is doing something." Such a 
Ictnre would he characteristic it must be confessed, 
With regard to overcharges on materials there is more to be OTeroii«rw 
extenuation. If a man charges me %Z for what cost him "" "•'*•■'* 
51) cents for what cost bim 15, ho may justify it to bis 
licncc without much trouble by claiming that the buying, 
isporting and risk in handling are worth the difference lie- 
lE the value of the article and the price he asks for it. 
etJmes they are, but oftencr they are not. I will not dis- 
the question here. It is enough to repeat the old proverb, 
mesty is the best policy." Good work and fair charges for 
and materials are the prime, and indeed the only, condi- 
of fiure, permaneat and legitimate sucoess in the plumbing 
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whaitbe Now while the ordinary work of the plamber is simple and' 
^^uy easily learned, as I have said, a knowledge of how to handle, 
*™**^' cut and coimect pipes does not make a man a master of the 
plumber's trade. There are a great many good workmen who 
are by no means good plumbers. This is a fact which the in- 
telligent and ambitious apprentice should keep in mind, and not 
be misled by self-conceit and the pride of half-knowledge into 
the idea that his little experience has taught him all there is to 
know. The great evil of the trade is that a man can practice 
it without learning it. If it were not so the possession of a 
solder pot, ladle, cloth, shave hook, hammer, saw and a few 
other tools, a sign and a little practical knowledge, would not 
constitute so many men " practical plumbers." 

It is not my intention in this chapter to waste space paying 
compliments. The reader has probably discovered this already. 
If he will follow me to the end, however, he will see that I con- 
sider the ignorant, incompetent and dishonest plumber the 
legitimate product of a system, and believe that with the aboli- 
tion of that system lie will disappear from the ranks of the 
trade and turn blacksmith's helper, horse-car conductor or 
something else better fitted to his abilities. 

Plumbing I will now spcak somewhat generally of plumbing work. In 

building a house there are many things which can be sacrificed 

to economy, but there are four things which cannot be too 

good. These are the foundations, the roof, the plumbing work 

I Esuentiaifl and tlic aoimratus for heatino:. The two essentials first men- \ 

j in house ^ ^ ^ ^ 

! buuding. tioncd are usually secured at any cost, but the economy comes \ 
in in the plumbing work and the furnace. The extent to which 
this curtailment of necessary expenditure is carried is often sur- 
prising. When people set out to build houses to live in they 
usually desire that they shall be healthful, comfortable, and as 
elegant in external and internal appointments as their means 
will permit. The carpenter, the mason, the roofer and the 
painter are all expected to do good work and charge a good 
price for it ; but the plumber is required to make his bid be 
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r Uie ooet of evcu secoiid-ulues work, and the owner caDvafsos whui> 
3 market for tlie Eiiuilluet aud cheapest furnace Le can tindpiuiaba 

1 van be driven to Jo tlie work expected of it. The fact 
lat guml draitiHgu aud pure air are the eeeentjal conditions of 
lalth and comfort is seldom taken into account These are 
a which economy can be carried to any extent and 
I, Grnndy will not know it; consequently UMiless oi-namen-Heiiib* 
tetion is paid for while health and comfort are left to lake care 
of theiitsclves. We would naturally snppose that in this age of 

I the world's proj^resa a majority of the houses bnilt to lire iu 
tould l>e so arranged as to guard against all conditions knuwu 
B bo unhealthy ; but such ia not the case, and until the intelli- 
knt closHUs of tlio community realize more fully than they now 
b the imjHirtatice of having good drainage at any cost, wc shall 
Ipntlnno to have economy practiced jiiat where it can least be 
kfforded. 

As tha rule, new work in this country is done by contract, coatmn 
Tlio coniiimnity are willing, under favorable conditions, to trust 
paeons, carpenters, plasterers and painters to work by the day 
phcn good work is to be done ; but for t)ie rciison already 
[Eplained, a majority of house buiidcrs cousider it advisubie to 
■iud the plumber under a contract. Now let us see how this 
^tem works, Tlie plumber takes the architect's plan and siwci- Howtim 
»tious and makes a calculation thereon. If he l>e an honest wurk& 
Butnbcr, witii h reputation to protect and work enough of the 
Bnd he prefers to make him indifferent about getting coutrat^t 
I, he will make a bid at a price which will enable him to 
Y out the letter aud spirit of the architect's epeciticutions 
1 leave bim a fair, honest profit. If he does this the chances 
8 ten to one ho will not get the contract. If, on the other 
md, lie be a plumber with no reputation to lose and In want 
[ business, to whom a contract is impoitunt, he will make lus 
ktintate upon a very different basis, ile studies the architect's 
etfications to see where and how and to what extent he can 
B adviiutago of any errors or omisaiona and save in cost of 
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«peci- materials. Usually there is plenty of chance for this, for a 
majority of architects draw their specifications of plumbing 
work so loosely and with so little knowledge of the practice of 
the trade, as to leave a liberal margin for " skinning " on the 
part of the plumber who does the work. If given to under- 
stand that the lowest bidder will get the contract, his sole study 
is to see how cheaply he can do the work, and the result of this 
study is a plan for doing it so that, even at the low price he 
puts upon it, he can make a profit. The price will probably be 
below what eveiy intelligent plumber would know to be the 
net cost of the work called for by the specifications. 
Why contract We will supposc the coutract is awarded him and he goes to 
don©, work. What is he to do ? Obviously he must make the con- 
tract pay if he can, for he cannot aflford to lose money for any 
one else's benefit. There is but one couitie open to him. He 
must resort to what the shipbuilders call "scamping," and his 
success in making the job pay depends upon his ability to do 
this successfully. He takes advantage of every error or over- 
sight on the part of the architect ; he uses the cheapest mate- 
rials he can get and puts them together in the easiest way, and 
where ho can depart from the letter of the specifications and 
es(»ape detection he will do it, provided loss cannot be avoided 
An Instance in any other way. I know of instances in which, in place of 
**^^/*. lead pipes carried under fiooi*s, plumbers have used f-inch gas 
])ipe, and the fraud could not be detected at the time without 
1 taking up the floor, which no one thought of doing. As all the 
pipes which showed were lead, the natural supposition was tJiat 
all which did not show were lead also. I know of another case 
Hooflcs^th- still more remarkable. The contract for the plumbing work in 
oonnortiomL a row of liouscs built on speculation was awarded to an irrespon- 
sible man, who bid so low that none of those who competed 
came anvwhere near him. He did the work, and while it was 
not well done, it was accepted and paid for. The houses were 
subsequently sold and people moved into them, but it was not 
long before they were "stunk out" — to use a forcible but 
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mevhat inelegant expression familiar to plnmbera. An in- 

Hition rovcaltid tlie startliug fact ttiat iit do case had any con- 

xtion Iieeti inado with the sewer. The soil pipe was carried 

Kdown to the eetiar and far enough underground to conceal the 

ftlCact tli.it it ended there. The drainage of the liousca had Iwen 

tnpticd into the cellar, and when the soil cea^^d to absorb it 

Sie smell gave warning of the nature of the evil to be remedied. 

EShe architect had taken it for }>ranted that EOino sort of a. con- 

Wtion would be made with the eewer, but it waa not called 

r in the &pet;iticati»ue aud the plumber had not made it. 

I do not propose to tell what I know of the methods by which h 

Itflieap contract work is nsually made to pay the plumber a „ 

KproBu Those in the trade who have practiced tliose devices 

V a great deal more about them than I do ; tlioee who do 

iOt Irnd belter not learn. In a general way it ean be said that 

e difference between the work called for in the intent and 

ianing of architects' Hpecitications and that usually done by 

t&e lowest bidder under contract, is aliout as great as that which 

I'lexiBta between gold and thinly gilded brass. It appears in 

f item of material used, in every detail of workmanship. 

lero is certainly nothing in this to iitford any occasion for sur- 

We have no warrant for 8npiM)eing that any man will 

for 50 cents furnish materials aud do work to the value of $1. 

B IcHH of that kind of busiuees a man has the better off he 

1 be. Plumbers work for profit; they are entitled to it; 

f should have it, aud, under all but e-teeptional circuin- 

muea, tliey will manage to get it. If we cut down their t 

8 they will cut down in the quality of materials aud work- u 

hip. They must do this or give up the business. The 

t of this is to demoralize the trade, to encourage dishonesty, ti 

D dJBGOurage the intro<hiction and employment of improved*" 

a and nppHanccs calculated to render our house-dminagc 

EAysteffia safer and less liable to give rise to unhealthy conditions, 

i to bring business to a class of men who would get it under 

9 other conceivable cireumstaaccB. There are a great many 
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plumbers who make money out of cheap contracts without any 
compunctions of conscience — which is not to be wondered at 
under the circumstances ; there are a great many who do this 
under protest and who consider the contract system utterly and 
unconditionally bad ; there are some who will estimate on work 
wheu requested, but will always demand a fair price with the 
intention of doing good work if the contract is given to them ; 
there are a fortunate few who are in a position to do business 
in their own way, and who will not take a contract on any 
A plumber terms. I kuow a man of this class who is almost daily called 

who ncTer "^ 

*«rtiinAtea." upou by gentlemen with whom he has conversations something 
like this : 

" You have been highly recommended to me, sir, as a plumber 
who thoroughly understands the business, and I should like to 
have you do the work in my house. If you will stop in at my 
architect's, see the plans and give me an estimate, I will come 
in to-morrow and make a contract with you." 

" Thank you," replies our friend the plumber, " but I don't 
think I ciire about tlie job." 

*' I want you to do it ; I propose that it shall be well done ; 
I intend to pay for it when it is done, and I don't propose tliat 
any second-class man shall do it." 

" Well, sir," answei*s our friend, " if you want me to do the 
work 1 shall be happy to do it well and charge you only what 
is right and fair; but I will not give you any estimate nor will 
I sign a contract. I can't tell, nor can any other man, what the 
work will cost until it is done. If I fix a price I shall cheat 
you or cheat myself, and I do not propose to do either." 

This is our friend's ultimatum. iS^o persuasion can induce 

him to change his answer. That he has plenty of the best work, 

has made an honorable and ext'^nded reputation and stands at 

the head of the trade in the city m which he lives, is not to be 

The policy of wondered at. If all first-class plumbers would take the same 

good work- 

mou. stand, refusing to be tempted to bid for contracts or to agree 
to do any work for anybody at a price below what they be- 
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D to bo enongli to cover cost, contingencies and profit, they 
:)n inonopollKC all the huEJueBB that is worth seeking. 
feoompetent and unprincipled plumbers tlirive upon the mis-papnisr 
ikenidea which lingers in the public mind, that the way lni,™<irtb, 
t good work done clioaply ie to have it done by contract, '^'""'*"' 
B experienco of generations— wTiturles. even — has bad little 
:i exposing the fiillacy of this notion. When none but 
ioiid-chickj men will Lid on an architect's specitiaitions, the 
ie will not be glow in recognizing the differeuce which 
B Ixjtween first and eocond clasa work. 
' It is probable that, one reason why eo large a proportion of whjontoa. 
Bke plambiug work in this country is done by contract la found umLJ^^lSa 
k the fact that a inajurity of ])eoplo have an exaggerated idea 
t the profits of the plumbing busiuess, as well as the low esti- 
late of the stmidard of honesty in the trade already noted. 

ii regard to profits. I have no hesitation in saying that they BmnimoaH. 
B usually moderate wlicn good work is done. " There is not 
i plumber in a dozen who can afford to be honest," said one ' 

e tmdo to me not long ago, C'ertain^v there are very few, 

nparatively, who succeed in making anything more than a 

ing. The largest porcontagea of pi-otit are usually made ont 

{ people who imagine that they have made close contracts and 

a getting their work done cheaply. As regards honesty, I fail 

e tliat the average standard in the plumbing business is 

) or below that of other trades. Contract work of all conirKi 

B 18 proverbially bad, and cheap contract work always was rerbi^twd 

rays will be the standard of conipariaon for everjthing 

• in fjuality and transient in character. " The world 

8 to be going to rack and ruin," said a wealthy contractor 

*■ Foote when that famous wit wan in his prime. '• Why is 



*• I cannot Imagine," answered Foote promptly, "unless it 
i built by contract" 

The now historic joke only crystallized a bit of universal cz- 
rieiici'. PIimibtTB are probably as Iiouest a£ other mechanics 
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in carrying out their contracts, and no doubt they give as large 

a percentage of value for the money they receive as do masons 

oorapetiuon or carpenters. Tlie kind of competition to which they are sub- 

' jected, however, from those in their own trade forces them 

to work cheaply and, as the consequence, to do cheap work. 

i«»t*ken It is safe to assert that the economy practiced by houscbuild- 
ers in the matter of plumbing work is always of the kind which 
saves at the spigot and wastes at the bung. I am informed by 
experts in the trade who are authorities on all matters pertain- 
ing to it, that the widest margin of saving on poor work as 
HoMTtagon compared with good rarely exceeds 25 per cent. An average 
tug work, city housc cau be piped scientifically, with the best materials 
and in the best way, for about $1200, including all necessary 
fixtures. It is possible to make the work cost more, but this 
amount will pay for as much first-class plumbing work as is 
needed in most New York houses of the better class. The 
house could not be plumbed at all, provided the same plan were 

ReiMiin. followed, for less than $900. The saving of $300 thus secured 
is a trifle eonipared with the sum upon which the annual 
expenses for repairs would pay interest ; and when we con- 
sider the dangci*s and discomforts to which bad plumbing work 
gives rise, it is too paltry and insiguilicant to merit a mo- 
ment's consideration. If we cannot afford to have the plumb- 
ing work in our houses well done, we had better have less of it. 
When we aspire to the luxuries of baths, water-closets, bed- 
room wash basins and similar refinements, we should first count 
the cost and see whether we can afford them. If we cannot 
afford to have the best materials and workmanship, we had bet- 
ter content ourselves with wash bowls and pitchers in our bed- 
rooms and one water-closet somewhere out of doors. 
Reforming Tlic coutract systcm is an evil which cannot be easily or 

•jBtem. i)rompt]y reformed. No doubt arguments could be found in 
favor of it, and it must be admitted that the abuses of the sys- 
tem, rather than the system itself, need reforming. The proba- 
ble cost of a job of plumbing, plus a reasonable allowance for 
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fofit, Ban always be ascertained with approximate accuracy. 

Bow it may eafely be assumed tbat a man wlio agree? to do the 

rorb for less than tliis is cither mistaken in bis estimates or 

■Dpoac« to make the contriict puy at any price. In either case 

fc IB not desirablo tbat ho should have it. If mistaken in his 

tiinate he will, as the nile, save himself from loss if he can. 

lere are some men who would carry out a contract in letter 

■ad spirit if it ruined them, but such men are exceptions 

lany trade, and, moreover, they do not often make tlie niis- 

ika of agreeing tu do work for Itiss than it is likely to cost 

If, on the other hand, the contract is taken with the in- 

mtion of making it pay, there is little reason to hope that you 

.1 get more than your money's worth, tliongb it be done for 

ilf price. The chances that yon will get an honest plumber 

D cheat himself for yonr benefit are about as one to one bun- 

1 that you have reason to conclude, after the work is done, 

X you are the victim of yonr own smartness, and that the 

Utn with whom you made your shrewd bargain has far bettor 

Hon to feel aatisticd than yon have. The great danger of the wiirtbeio< 

mtrtict system is the temptation it offers to give our work to .nouido^ 

ft lowest bidder. Plumbers who can bo trusted and whose n^rtT^ 

lis good for anything, do not make any haphazard esti- 

If an architect's s])ccificationg are specific, they can tell 

^a dollar the cost of every ounce of material called for, and 

1 approximate accuracy, at least, the time it will take to put 

s materials together. To the cost every honest practical 

lumber will add the percentage he has learnod by ex|>erience 

1^ allow for waste and contingencies, and to the sum of these a 

r and legitimate profit. If we arc willing to contract with 

1 to do our work on this basis, well and good. We know in 

ranee just what the work will cost us, and wc shall probably 

bve It well done whether the plumber's profit be a little more 

P a little less than ho expected. But on no other basis can wo 

Rord to contract with any man for anything. Bids under the 

rice named by a responsible plumber of character and expcri- 
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cncc who is willing to give yoa a memorandnm of items, can 
safely bo regarded with suspicion. Obviously, therefore, con- 
tracts — if awarded at all for plumbing work— cannot always be 
given to the lowest bidder. This is a proposition so plain that 
no luan with the average allowance of common sense can fail 
to see its wisdom. 
Architecti» Yor mucli of the looseness which has crept into the morals 

RpeoiflcatlonB *^ 

and practices of the plumbing trade, tlio architects are respon- 
sible. A very large proportion of their plans and specifications 
are prepared with so little knowledge of the principles of plumb- 
ing work that it would be impossible to pipe a house in accord- 
ance with them. The plumber cannot be held responsible for 
their errors or mistakes, but for his own protection he is very 
apt to take advantage of them. As I have spoken of this sub- 
ject in another chapter, 1 sliall not discuss it here. 
Howtheeviis For tlic cvils of iffuorant and dishonest plurabinff there is 

affecting the . 

trade may bo but ouc remedy which promises to be permanent and certain. 

It is to employ only skillful and honest men who will not agree 

to work for less than fair prices. When this is provided for in 

advance it makes, practically, but little difference whether our 

The percent- work is doiic bv coutract or for a percentage. The latter sys- 

a^e system. * to ^ 

tc?m lias many advantages, however. The plumber who works 
fi»r a percentage, usually ranging from seven to ten, according 
to the size of the job, agrees to bill materials and labor at their 
net cost and take the percentage of the total agreed upon as 
his profit, ineluding the superintendence, &c. If the builder 
or house owner })refers, he c^n buy his own materials and the 
plumber will furnish the labor required to put them together, 
itsadran- Tliis iusurcs good materials and good workmanship, and costs 
no more than any man should be willing to pay for work he 
has done. The fact that a majority of our best plumbers are 
willing to work on this system, shows that they are content 
with fair profits and ready to give their customers every 
Jobbing, reaiiionable advantage. Where job work is to be done, such as 
repairs and alterations, the customer has but one means of pro- 
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Ictirig liimsclf. He miiat intrnst )iis work tn some man who 
a n reputation for lionesty nnd fair rlealing. Tlic moment lie 
( to liagfjlL' ftlM»iit tlie price of work before it is Jone, he 
H tlie plumber to elicat him in order to save himaelf. In oooatuvtat 
■d, it is writh the plumbing buHineas as witli all other 
— if yon want good work and fair dealing joii ninfit dual 
li good men and pay fair pricee. 
How do tlie pUimbers resiard this subject! I believe that aTfcofiowio* 
IBJority of tliose who will ece this book will agree perfectly 
\i everything I have said in this chapter. Perhaps I ejinnut 
■nifih better proof of this than by quoting from a few of the 
If letters I have saved ont of an extensive and intcroBting 
torrespondeiicc with representative men in the trade, extending 
fer a perioii of several years. Tlieso letters are ionajide, and 
f quotations are given verbatim. 
. pinmbor of thirty years' experience, doing bnsincss in Kitm-utrom 
, N, Y,. sent mo a letter, called out by a publislied m™"" 
8 of mine, from which I quote as follows : 
* You say that the responsibility which rests npon the a 
ItiTnber is often more serions than he imagines, and that 
[Borance is, at best, a poor cxenso for the mischief which 
Hy result from his mistakes. 
"Now, I admit that this trade, like most others, is imper- 



1 worthy of the name; but the worst feature of the case h 
t builders and owners of houses tliink they know as much 
int plumbing as the man who has served a lifetime at it. It 
1 dangerous ignorance, mistaken for knowledge, which 
IS employers who know but little of the business and who 
B cheap men, to get contracts for plumbing work, bocansc 
f will follow tho directions laid down for them by men who 
V still Itas than they do. If you will make inquiry in the pt«iio«i 
i I tliink yon will find tJiat about one-half of the so-called "" 
Lotical phiinbcrs' cannot lay ont a job so that it will work 
?iit whan tinishod, I call to mind kborers, masons, hardware 
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dealers, jewelers, carpenters, tinmen, machinists, a cotmtj 
sheriff and a tanner, who think they know all about plumbing 
and can make money out of it. A member of a prominent 
house in your city, dealers in plumbers' supplies, told me only 
a few weeks ago that they had lately received an application 
from a man for their catalogues, with list prices, etc., and cUl 
the information they could give hiin. He knew nothing of the 
business, but was going to set up a shop, as several men in his 
place had done very well at it, and he believed there was money 
to be made in the business. It is such men as this who do the 
kind of work you justly characterize as 'unscientific plumb- 
ing.' " 

Another correspondent, a successful and well-known plumber 
in Boston, comments as follows on some views expressed by me 
in a paper read before the Public Health Association and sub- 
sequently published in the Sanitarian : 
inoompetent <• As to faulty plumbiug work, in most part it lies with in- 
competent architects and very often with gents of that profes- 
sion who think themselves well posted. They of course can 
design the plans of a house, locate where the plumbing work is 
to be, write a very elaborrvte specifications, &c., get half a dozen 
plumbers to estimate with a knowledge from the start who is 
going to do the job. They will call in the specification for cer- 
tain places, ' AAA pipe ;' for other places, ' A A pipe.' At the 
same time they don't know one from the other except they 
see the trade-mark. They will come into a -building; they see 
the ends of pipes sticking out where shown on the plan, and 
How they SCO the trap for a closet put in. They simply take a bird's-eye 
work, view of it and pass on ; may possibly sing out, ' Plumber, are 
you sure that is right?' They know no more how it is put in 
than a school-boy, for they do not examine it. Then again, 
sir, I confess there is a good deal of the fault with the plumber. 
Tlic plumber is the architect's man — that is understood. Tlie 
plumber is the man of that worst of leeches, the house agent. 
The house agent and the architect know each other. The 
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mber, between tlio two, 13 in a sweat liox. I am giving you n<rwib* 
B plain, simple facts before going into detailn of the caitBL'g ubiea. 
uiefective plumbing work or advancing an idea for a remeiJy, 

r tlie plumber, having to give 10 per cent, to one and 10 M»i"n»chiiftii 
t cent. t« another, must cnrtail from the AAA pipe und the 
. pipe in speeitieation; and where east-iron soil pipe is 
led for, calked with molten lead, I will gnurantee that more 
1 two-thirds of the Iinb is filled with paper and sand. ItTnecoiuB- 
n't leak water— oh, no — because the end of tlie pipe is let 
9 the )inb and has generally a run. But will it leak eewer 
Oh, yes — hecauBu there is not lead enough there to keep 
wk ; and all this i» done under the eye of the experienced 
liitoct. Then a^ain, ^ir, a groat deal of the fault is with a HaDMinuu- 
bemptihlo eel of house-building speculators, who prolwibly do i^j^JT™' 

1 $2i)i» in the whole block when the buildings are started. 
Ut do tliey care how the plumbing or any other work is 
a if thoy can ituike a few thousands, honcetly or not ? 

1 again, not a little rests with penurious (Iioncat pay, pibotiom 
|h) house owiiore, who are always trying to make sorac- 
i little less answer the purpose. 

B class of men styling themselvefi carpenters and builders curpmun 

responsible for much of the cheap and inferior contract 

mbing work. Foi- example, a person contemplating the 

J of a house — worth, say, $61)00 — goes to an architect 

s a set of plans and specifications, which of course in- 

B the work of the plumber, roofer, painter, &c. The car- 

r and builder estimates on the whole job, without eousult- 

y of the mechanics upon whom he must rely in carrying 

3 plans. We will suppose that he gets the contract. He Howiowbidi 

s to the plumber, with whom he has acquaintance, and says: 

I, I have the contract to build a house for Mr. , at 

h a place, and I want you to estimate on the plumbing ; but 

member, I want it done as cheap aa you can do it. I have 

I the job so low that it is only to keep my hands going.' 

be Bamo story is told in confidence to half a dozen plumbers, 
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and tlie consequence is that a very imperfect job is done, and 
perhaps without so much profit to the plumber as would repre- 
sent the price of a potful of solder. There are, of course, a 
great many plumbers who will not do work on this basis ; but 
there are, unfortunately, a great many who will take anything, 
and 60 long as these can get work to do for parsimonious house- 
builders, so long will we have bad plumbing with its attendant 
evils, 
ctompetition " I must coufcss tlicrc is a ffood deal of the fault with i>lumb- 

among , , ^ 

piiimben. crs in trying to cut one another out of work until there is not a 
scrap of solder profit left. In my opinion, with the foregoing 
facts, it is impossible to have other than defective plumbing 
work." 

This, it should be remembered, gives the experience of a 
plumber, and is not to be classed with the generalizing of one 
not practically acquainted with the business. Another plumber, 
long established in business in New York, gives us an insight 
into tlie kind of competition wliich those in the trade experi- 
ence from their fellow-craftsmen. I quote as follows : 

A divided "Allow me to give you a view into the plumbing trade and 

rmponsibility iii iii ii'»i 

for bad work, how the pUimbcrs act toward each other, and how it is that 
thoy are mainly responsible for the bad estimation in which 
they are held by the public, and why house owners are respon- 
sible for defective plumbing, sewer pipes, &c. Most people 
think that plumbers, as a trade or body, are more leagued to- 
gether and more loyal to each other and the trade than any 
other class of workmen in New York city, but, with a few ex- 
ceptional cases, quite the contrary is the fact. "When it is possi- 
ble to cut one another out of custom they are bound to do it. 
Now to come to the point, suppose you have plumbing work in 
your house. A pipe bursts, you send for your plumber, but as 
neither he nor his men are in vou send around the corner for 
some one else. That some one comes ; he takes a view of matters, 
and then docs what you should have done — shuts the water off. 
* Then, instead of at once beginning the job, he will begin find- 
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; fault with all the pliuubiiig work in the liousf, until be 
ikoB you bjlicve that he is the oa\y workman in New Yurk 
tlmowa anything, and tliat the man who ha^ heeii doing 
r work for vears ia nothing hut u fool. lie makes yon he- vatuteaa, 

. pellllon. 

also that if your pipes wcro altered thua and eo there 

Vnid bo no chance for any luore bursting. Tlie upshot of the 

Uttter is yon keep sending for the smart man until there is 

mcthiug dieturhcd, perhnpH under your floor or it may- bu in 

B cellar, that yonr smart man knows nothing about, and the 

t intimation you have of tlie matter is your need for a doc- 

r or perhaps the undertaker. And all this liappous because 

a did uot ehut off the water and have patience until the fool 

me home to get your order. People, I know, are not to be 

, iu eiiBO 8 pipe hursts, for sending for the nearest 

mber; their haste is usually tlie result of igiiomnce as hov pinnb- 

It the dauger which menaces the boiler or some other part of ^^^^ "' 

B plumbing work. All that is necessary in case a burst occure '"^™'™- 

ito shut off the wati-r, and every adult member of everj' hou8> 

i shonld know how to do this. Then open the hot-water 

Ic in the kitchen sink, or over the bath, keep a moderate tiro 

I th(3 range, and tJie 1)oiler will last for 48 hoars without 

The water in it will bubble and boil, but that is alL 

EOur plumber, wlieu he conies, will know how to handle luat- 



" Again, house owners are largely reeponsible for defective w„^ingi„ 
wk, lor the reason tliat they often inipi^se upon llie pluuilwr """**■ 
B disBgreeable necessity of working for the cook or the coaeli- 
He mnst pleaw tliese potent ofticiaJs of the household. 
I not, they complain, and on the strength of tlieir eomplaints 
i plnmbor is dismissed and a new man is cmployexl who will 
9 tilings as the cook or the coachman may he pleased to direct, 
i who will also ' make it right witli them.' As the rule, the 
r mail undoes or spoils the work of the old. By neglecting Ttwduiyor 
a exercise a judicious oversight in such matters, the householder*"""**"^"* 
8 himself to blame for tlie defective sanitary condition of his 



350 THE PLUHBEB Al^D HIS WOBS. 

premises. I would, in conclusion^ advise all householders to 
find out for themselves whether their plumber is an honest man 
and does his work properly. If so, he would do well to disre> 
gard all complaints of servants and interested parties. When 
you find you have a good man, trust him as you do your family 
physician. The comparison is not a bad one, for to his skill, 
intelligence and judgment you owe immunity from a large 
variety of causes of disease. Good plumbing is of vastly more 
consequence than all your rich furniture and costly carpets." 

I might fill many pages with similar quotations from my cor- 
respondence, but those already given will show how plumbers 
regard the evils aflEecting the trade. They are the almost con- 
fidential utterances of men who speak from long experience, 
and every plumber among my readers will agree with them as 
well as with my own general remarks on the subject. 
AdTiceto I will conclude this chapter with a few words of friendly 
In the trade! counscl to young mcu in tlic business. There is in a great 
many trades a feeling that the more re])airs there are the better 
it will be for the prosperity of the trade. A hard winter that 
bursts pi])es in all directions is very generally regarded as a good 
thing for plumbers and welcomed accordingly. Mechanics often 
say : " We like to have work wear out because it gives us jobs." 
This feeling is the cause of a great deal of willfully poor 
plumbing work. Now, this is killing the trade. Poor work- 
men find employment, the business is demoralized and good 
men have altogether too little to do. So bad is plumbing work 
in general that people have just as little of it as possible. They 
know that in a few years the repairs will more than equal the 
first cost, and in putting up a new building they have, as the 
The work- rule. Only the few indispensable fixtures. The true aim 
' of the workman, therefore, should be to make the work 
good and durable. If it were certain no repairs would be 
necessary on the plumbing of a house for a long series of years, 
there would be much more work put into a house. The in- 
crease of new work would more than equal the amount lost in 



man's true 
aim 



TDK M,r«BER ASP lltS WORK. ^51 

repairs, while tlie qnality of the work and the character of the 
workmen miist necessarily l)e mtioh higher than now, 

Wlicn iin accident happens which inakeB large repairs neccs- lupi 
B«ry, OP when there is a general freuze-up of pipe*, every indi- 
vidua! in tlio coinnmnity is injnrcd to a certain extent. There 
is BO much value wasted and the coinmtinity is poorer. It is a 
flhort-sightcd selfishness that regards such laisfortnnea aa bless- 
iugs to tiie trade. The wise policy is to make each job thor- 
oDgh, so that repairs may not ho needed. 

Some years ago I overheard a conversation between Iwotko 
plambers as to the best methods of doing work of a certain 
kind. 

Said one : " I don't want to do inj work too well, or I shall 
have no repairs lo do." 

i the otlier : " It has always been my policy to do work 
U tliAt it won't need repairs, and the consequence is I am 
ntys full of good work while you are always jobbing.*' 
To the young plumber, ambitious of lionorahle success in pr«. 
I, I offer the following brief and easily remembered advii 
a your trade tlioroughly. 
Ifitiul/ its literature and learn all yon can of every subject 

li bears upon it, directly or indirectly. 
Do no work tliat yon cannot point to with prido. 
Uako no charge which you could not, upon oath and with a 
' conscience, declare to be, in your judgment, just and 
lonable. 
■a.\ honestly and honorably with all men, and do unto 
8 in the trade as you would have them do unto you. 
ese may seems like platitudes, and so they are ; but they 
i the sole condilions of honorable and permanent success. 
1 who follows this policy through life, and who com- 
s industry and tlirift with right principles, will merit succcas 
T lie achieves it or not. 
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